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Description 
Reid of the Invention 


5 The field of this invention involves the insertion of foreign DNA which is desired to be expressed in a 
plant, into a transformation vector, i.e., a plasmid capable of introducing the DNA into plant cells and then 
maintaining that DNA. Plant cells containing foreign genes which have been introduce by this transformation 
vector, are used to regenerate morphologically normal plants that carry foreign genes. In an ideal situation, 
these foreign genes should be carried through meiosis to subsequent generations of plants. 
io A goal of plant genetic manipulation is to introduce desired genes into a plant in such a manner that 
these genes will be functional in the desired tissue at the correct time. The most promising vehicle for such 
plant genetic manipulations makes use of the Ti-plasmid of Agrobacterium tumefaciens and the Ri-plasmid 
of A. rhizogenes. A number of investigators have used the soil organism A. rhizogenes which causes hairy 
root disease (Costantino, P. et al. (1980) Gene 11:79-87). The transformed plant tissue contains plasmid- 
75 derived DNA sequences ancTthi tissue synthesizes an opine resembling agropine (Chilton, M-D., et al. 
(1982) Nature, London 295:432-434; White, F. F. et al. (1982) Proc. Nat. Acad. Sci. U.S.A. 79:3193-3197). 
One advantage of A. rhizogenes is that, unlike crown gall tumors, transformed tissue quite easily 
regenerates into plantlets containing high concentrations of opines. 

In addition, specific foreign DNA fragments have been inserted into the T-DNA region of the Ti-plasmids 
20 of A. tumefaciens (Leemans, J. et al. (1981) J. Mol. Appl. Genet. 1:149-164; Ooms, G. et al. (1982) Plasmid 
7:15-29). Standard in vitro recombinant DNA technology was used to insert a chosen restriction fragment 
into a specific restriction site lying in a cloned portion of the T-region. After the resulting plasmid was 
introduced into an A. tumefaciens strain carrying a wild type Ti plasmid, then homologous recombination 
between the two plasmids produced a Ti-plasmid carrying foreign DNA in the T-region. Tumors produced 
25 by infection of plants with A. tumefaciens containing this recombined Ti-plasmid contained the foreign DNA 
(Garfinkel, D. J. et al. (1981) Cell 27:143-153; Ooms, G. et al. (1981) Gene 14:33-50; Hernalsteens, J. P. et 
al. (1980) NatureTLondon 287:654-656). — - 

Transformation vectors, e.g., Ti-plasmids, can carry foreign genes and stably introduce them into plant 
cells by transfer of the T-DNA regions into the plant genome. These vectors should be able to transform 
30 single cells or protoplasts. Such a transformation has been achieved by (i) fusion of bacterial spheroplasts 
with protoplasts (Hasezawa, S. et al. (1981) Mol. Gen. Genet. 182:206) (ii) the transformation of protoplasts 
with partially regenerated cell walls by intact bacteria (Marton,T7~et al. (1979) Nature, London 277:129-131) 
and (iii) the delivery of intact Ti-plasmids into protoplasts either as free DNA in the presence of 
polyethylene glycol and calcium (Krens, F. A. et al. (1982) Nature, London 296:72-74), or encapsulated in 
35 liposomes (Draper, J. et al (1982) Plant Cell Physiol 23:255). 

When any of these methods are used, a selectable marker should be available. One possibility is to use 
antibiotic resistance markers but it would be undesirable to spread such resistance genes in the commercial 
applications of genetic engineering. Transformed cells which form tumors are generally to be avoided 
because it is sometimes difficult to regenerate plantlets from such tumor tissue. A possibility of avoiding 
40 tumor formation is to use crippled Ti-plasmids which do not cause the formation of tumors but still insert 
their T-DNA into the plant genome (Leemans, J. et al. (1982) EMBO. J. 1:147-152). 

In summary, the field of the present invention is the construction of plant transformation vectors which 
possess maximum efficiency in the transfer of foreign genes to a plant genome and which then can be 
amplified in the plant genome whenever desired. These plant transformation vectors should confer 
45 maximum expression of these foreign genes in the desired tissues and at the desired time. 

Background of the Invention 

Crown gall disease of dicotyledonous plants results from an infection by the gram-negative soil 
50 bacterium Agrobacterium tumefaciens. The ability of a strain of A. tumefaciens to transform plant cells and 
to induce tumors can be correlated to the presence of a large single copy plasmid (the Ti plasmid, which 
ranges in size from 140 to 235 kilobases). The transformation of plant cells is the result of transferring 
genetic information, i.e., T-DNA, from the Ti plasmid to the nucleus of the plant cell. Once this transfer has 
been achieved, the bacterial cell is no longer needed to maintain the transformation (Chilton, M-D., 
55 Drummond, M. H. t Merlo, D. J., Sciaky, D., Montoya, A. L„ Gordon, M. P. and E. W. Nester (1977) Cell 
11:263-271). 

The transferred T-DNA produces observable phenotypes in the host such as opine synthesis. The 
earliest opines to be identified resulted from the condensation of an amino acid and a keto acid (Goldman, 
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A., Tempe, J. and G. Morel (1968) Compt. Rend. Acad. Sci. (Paris) 162:630-631). As noted above, plant 
tumors can be grown in the absence of the causative bacteria and yet they still synthesize opines. Octopine 
synthase (also named lysopine dehydrogenase) is a single polypeptide chain of molecular weight 38,000 to 
39,000 and catalyses the condensation of pyruvate with arginine, histidine, lysine or ornithine (Hack, E. and 
5 J. D. Kemp (1980) Plant Physiol. 65:949-955) using NADH or NADPH as co-factor. A second group of 
opines is produced by nopaline synthase which is a tetramer of four identical polypeptide chains, each of 
which is approximately 40,000 molecular weight. Again NADH or NADPH is used as the co-factor, but the 
keto acid is a ketoglutaric acid and the amino acid is arginine or ornithine (Kemp, J. D., Sutton, D. W. and 
E. Hack (1979) Biochemistry 18:3755-3760). Later, it was shown that a particular strain of A. tumefaciens , 
io which induced tumors synthesizing, for example, octopine could use octopine as a sole source of carbon 
and nitrogen (Montoya, A. L., Chilton, M. D., Gordon, M. P. Sciaky, D. and E. W. Nester (1977) J. Bacteriol. 
129:101-107). Another opine has been identified (Firmin, J. L. and G. R. Fenwick (1978) Nature, London 
276:842-844). This opine is agropine and is the result of a condensation reaction between an amino acid 
and a sugar (Coxon, D. T., Davies, A. M. C., Fenwick, G. R., Self, R. Firmin, J. L., Lipkin, D. and N. F. 
75 James (1980) Tetrahedron Letters 21:495-498). 

The T-DNA (the DNA transferred from the Ti Plasmid to the plant nucleus) varies from one Ti plasmid 
group to another. The octopine A-type plasmids transfer two pieces of plasmid DNA to plant cells either 
together or separately (Thomashow, M. F., Nutter, R., Montoya, A. L., Gordon, M. P. and E. W. Nester 
(1980) Cell 19:729-739). One piece of a ca. 8 x 10 G daltons is always found in tumors with a frequency of 
20 one copy/cell whereas another piece of ca. 5 x 10 6 daltons is sometimes absent and sometimes present at 
a frequency of up to 30 copies/cell. The two pieces are co-linear on the Ti plasmid restriction endonuclease 
map but are integrated into the host plant nucleus as separate units. In contrast, the nopaline-type plasmids 
transfer a single larger piece of Ti plasmid DNA (ca. 10 x 10 6 daltons) and this is maintained at a frequency 
of 1-20 copies/tumor cell (Holsters, M. et al. Plasmid 3:212-230). 

25 The transferred T-DNA is integrated into the chromosomal DNA of the transformed plant cells 
(Thomashow, M. F. et al. (1980) supra) and is extensively transcribed into poly-A-containing mRNA (Gurley, 
W. B., Kemp, J. D., Albert, M. J.TSutton, D. W. and J. Collins (1979) Proc. Nat. Acad. Sci. U.S.A. 76:1273- 
1277; McPherson, J. C. et al. (1980) Proc. Nat. Acad. Sci. U.S.A. 77:2666-2670). Part of this transcription 
codes for the opine synthases (Koekman, B. T. et al. (1979) Plasm id"2:347-357). 

30 Tumor cells containing T-DNA can be maintained in culture indefinitely. Further, unlike normal plant 
cells, tumor cells can be grown on a chemically defined medium which lacks added auxins and cytokinins 
(plant growth hormones) (A. C. Braun (1958) Proc. Nat. Acad. Sci. U.S.A. 44:344). Mutants of Ti plasmids 
can be used to define the location of functional genes such as (i) loci in theT-DNA which determine tumor 
morphology and opine synthesis (ii) loci outside the T-DNA which are required for virulence and (iii) regions 
35 which have no apparent effect on tumorigenicity (Holsters, M. et al. (1980) Plasmid 3:212-230; de Greve, H. 
et al. (1981) Plasmid 6:235-248; Ooms, G. et al. (1982) Plasm id7?f 5-29). ~~ 

The genetic organization of the T-DNA of a number of tunnors promoted by strains of A. tumefaciens 
containing octopine Ti plasmids has been studied (Merlo, D. J. et al. (1980) Mol. Gen. GenetTl77:637-643; 
De Beuckeleer, M. et al. (1981) Mol. Gen. Genet. 183:283-288; Thomashow, M. F. et al. (1980) Cell 19:729- 
40 739). In some tumor lines, the T-DNA occurs as two"segments. The left end of the~T^DNA is calledT L and 

includes tms (tumor morphology shoot), tmr (tumor morphology root), tml (tumor morphology large) and, 
sometimes, ocs (octopine synthase) while the right end is called T R . Tumor maintenance requires T L but not 
T r . Transformed cells induced by wild type octopine Ti plasmids have been selected in two ways (i) the 
tissue must be able to form tumors and (ii) the tissue must be able to grow in vitro in the absence of 
45 phytohormones. A serious problem associated with the use of wild type Ti plasmids is that it is very difficult 
to regenerate whole plants from the tumor tissue. 

In order to regenerate plants from transformed tissue culture, mutants can be obtained in the tms, tmr 
and tml loci. However, it then becomes difficult to distinguish transformed tissues from untransformed tissue 
leading to a requirement for some form of selection. One form of selection has been by the insertion of 
so antibiotic resistance genes into the T-DNA (Ursic, D. et al. (1981) Biochem. Biophys. Res. Comms. 
101:1031) (Jiminez, A. et al. (1980) Nature (London) 287:869) (Jorgensen, R. A. et al. (1979) Mol. Gen. 
Genet. 177:65). In one instance resistance to the antibiotic G418, which is toxic to toblcco cells in culture, 
was incorporated into the T-DNA. In a second instance, the bacterial transposon Tn5, which confers 
resistance to kanamycin, was incorporated into the T-DNA. A disadvantage to the use of this type of 
55 selection to detect transformed plant tissue is that it leads to needless spread of antibiotic resistance genes. 
Such a spread of antibiotic resistance genes would be of very large significance if such selection were to be 
used in the agricultural commercial applications of gene transfer via Ti plasmid vectors. Some other method 
of differentiating transformed from untransformed plant tissue would be highly desirable especially if such 
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selection were to utilize a normal component of Ti plasmids. 

In any program involving the genetic alteration of plants, foreign DNA of interest must be inserted into a 
transformation vector, i.e., a plasmid, which in turn can stably introduce the DNA into plant cells. These 
plant cells containing the foreign genes introduced by way of the transformation vector can then be used to 
5 regenerate morphologically normal plants. In an ideal situation, the altered plants should transmit the foreign 
genes through their seeds. 

The best available transformation vector at present is the T-DNA fragment which is transferred and 
integrated into the plant genome from the Ti-plasmid of Agrobacterium tumefaciens following infection. 
However, if wild type A. tumefaciens is used, then the plant develops a crown gall and it becomes difficult 
io to regenerate whole plants from such crown gall tissue. If mutants in the tumor genes (tms, tmr or tml) are 
used, then regeneration of plants becomes a practical proposition but selection of transformed tissue 
becomes difficult Selection can be re-established by inserting an antibiotic resistance gene into the T-DNA 
but this method is undesirable for reasons already discussed (see above). 

After the work described in the "Detailed Description of the Invention” was completed, Van Slogteren et 
75 al. (Van Slogteren, G. M. S. (1982) Plant Mol. Biol. 1:133-142) reported that homoarginine was less toxic to 
transformed cells than to normal cells. Although homoarginine is a substrate for octopine synthase (Otten, L. 
A. B. (1979) Ph.D. Thesis, University Leyden, Netherlands; Petit. A. et al. (1966) Compt. Rend. Soc. Biol. 
(Paris) 160:1806-1807), in independent experiments we did not obtai n~a — selection for transformed cells by 
use of homoarginine. Little or no selectivity by homoarginine for octopine synthase containing tissues 
20 compared to other crown gall or normal tissues was observed (Fig. 1). These independent by us results 
made it seem unlikely that the use of any amino acid analogs to select transformed tissues and cells would 
be successful. 

Summary of the Invention 

25 

This invention makes use of unique T-DNA constructions from the Ti-plasmid of Agrobacterium 
tumefaciens to transfer foreign genes for expression in new plants and to recognize transformed cells 
carrying such foreign genes incorporated into their genomes by selection for an unaltered T-DNA opine 
synthase gene. Such a selection for transformed cells carrying foreign genes can be done without the 
30 development of tumor tissue which makes plant regeneration difficult and without spreading antibiotic 
resistance genes throughout the plant population. 

According to the present invention, there is provided a vector plasmid for the transfer of foreign DNA 
into the genome of recipient plant cells comprising a heterologous DNA sequence which is expressible in a 
plant, and which is flanked on each side by a T-DNA repetitive sequence selected from the group 
35 consisting of RoTL(A), RoTL(B), RoTR(C) and RoTR(D) having the nucleotide sequences set out hereafter. 

Preferably, the vector plasmids of the invention contain a versatile restriction endonuclease site with 
sticky ends which are compatible to the sticky ends of a number of restriction endonucleases and which 
can therefore be used for the insertion of foreign DNA fragments obtained with the aid of different restriction 
endonucleases. In these T-DNA constructions, the tumor forming genes may be deleted and no antibiotic 
40 resistance genes need be utilized. 

In the presence of a toxic amino acid analog, normal, untransformed cells are unable to grow in culture 
media or only able to grow extremely slowly, whereas transformed cells containing one or more opine 
synthase genes are able to detoxify the toxic amino acid analog and so are able to grow. The difference 
between the growth rates of normal and transformed cells is quite clear when a variety of toxic amino acid 
45 analogs are used to select for transformed cells or protoplasts. In the absence of tumor inducing genes, it is 
easier to regenerate plantlets from tissue culture cells or protoplasts. 

Accordingly, the present invention also provides a method of selecting non-tumorous plant cells 
transformed with a DNA sequence comprising a plant expressible opine synthase gene and a plant 
expressible heterologous gene, said sequence being flanked on each side by a T-DNA repetitive sequence 
so selected from the group consisting of RoTL(A), RoTL(B), RoTR(C) and RoTR(D) having the nucleotide 
sequences as defined hereafter from a mixture containing said transformed plant cells and untransformed 
plant cells comprising: 

(a) plating said mixture on a suitable growth medium containing an amino acid analog toxic to normal 
cells and metabolized by a plant cell expressing the opine synthase encoded by said gene; 

55 (b) growing said mixture on said growth medium for a selected period of time to provide colonies of plant 

cells; and 

(c) selecting from said colonies those colonies exhibiting greater growth rates. 

In addition , the T-DNA constructions used in this normal invention permit the recognition of plant cells 
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or protoplasts which have incorporated only parts of TL-DNA, only parts of TR-DNA or parts of both TL- 
DNA and TR-DNA. Since multiple copies of TR-DNA are often found in a transformed plant genome, this 
very desirable feature could be used when a high level of expression of foreign genes is required. 

s Detailed Description of the Invention 

This invention relates to the construction of recombinant plasmids derived from the T-DNA region of Ti 
plasmids of Agrobacterium tumefaciens. As mentioned above, these recombinant plasmids contain a 
heterologous DNA sequence which is expressible in a plant, and which is flanked on each side by a T-DNA 
io repetitive sequence selected from the group consisting of RoTL(A), RoTL(B), RoTR(C) and RoTR(D). These 
repetitive sequences are normally involved in the transfer of T-DNA from the Ti-plasmid to the plant 
genome. The plasmids may also contain the octopine synthase gene, which normally catalyses the 
condensation of an amino acid with pyruvate, and/or the agropine/mannopine synthase genes which 
normally catalyse the condensation of an amino acid with a carbohydrate. The preferred recombinant 
75 plasmid constructions described here specifically delete the genes controlling tumor formation and each 
construction contains a unique Bglll site into which foreign DNA fragments encompassing one or more 
functional prokaryotic or eukaryotic - genes can be inserted. Other constructions containing other restriction 
sites, either substituting for or in addition to the Bglll site, may be incorporated, as will be understood by 
those of ordinary skill in the art. 

20 Plant cells, which have become infected by A. tumefaciens carrying these constructed recombinant 
plasmids, may have incorporated the T-DNA section. When tumor-formation genes are deleted or rendered 
inoperative, the cells containing T-DNA do not display the altered morphology and growth habits that 
normally make transformed cells distinguishable from untransformed cells. In order to recognize which plant 
cells have incorporated the T-DNA sections of these constructed recombinant plasmids lacking tumor genes 
25 into their genomes, the plant cells are grown on certain toxic amino acid analogs disclosed herein. Those 
cells which carry one or more of certain opine synthase genes can metabolize the toxic amino acid analog 
to a non-toxic product and will therefore be able to continue growth while those cells which do not contain 
such opine synthase genes will incorporate the toxic amino acid analog into their proteins resulting in death 
of such cells. 

so In order to be able to precisely construct a variety of recombinant T-DNA plasmids with the 
characteristics described above, the complete nucleotide sequence of T-DNA (22,874 nucleotides) and 
approximately 900 nucleotides on each side of the T-DNA was obtained. A number of T-DNA restriction 
fragments were sub-cloned into pBR322 and propagated in either E. coli. strains HB101 or GM33. The 
individual clones were then sequenced using the method of Maxam~"aricrGilbert [(1977) Proc. Nat. Acad. 
35 Sci. U.S.A. 74:560] (see Example 1). 

The nucleotide sequence of a portion of the Ti plasmid 15955 containing the T-DNA region is shown 
(Fig 2). Only one strand of the DNA sequence is presented. It is orientated from 5' to 3* and extends 
continuously for 24,595 bases, from a BamHI site on the left of fragment Bam8 to an EcoRI site on the right 
of fragment EcoD (Fig. 3). Both strands were sequenced for 90% of the DNA. The remaining 10% was 
40 sequenced on one strand but this was often duplicated by sequencing from different restriction sites. 

A restriction endonuclease map of the sequenced region is shown for five different restriction enzymes 
(Fig. 3). Bam HI, EcoRI and Hind lll were used to divide the T-DNA region into suitable fragments for 
subcloning into pBR322. The fragments, indicated by the shaded areas, were used in the construction of T- 
DNA recombinants cloned into pSUP106 for transfer and subsequent replication in A. tumefaciens. The 
45 construction of these T-DNA recombinants was facilitated by a knowledge of the other restriction en¬ 
donuclease sites (Table 1). Of the 73 enzymes analysed, only sites for EcoK were not present in the Ti 
sequence. The site locations of enzymes which would digest the DNA more than 30 times are not given. 

It has been reported that extended direct repeats of 21-25 bases occur at the borders of the T-DNA 
(Bevan, M. W., and Chilton, M-D. (1982) Ann. Rev. Genet. 16:357-384). In this work, these two repeats have 
so been shown to start at positions 909 and 23,783, respectively, and they are marked at positions A and D 
(Fig. 3). These two repeats are referred to hereafter as RoTL(A) and RoTR(D). They are exact direct repeats 
for 12 bases but they can be extended into 24 base imperfect repeats. Assuming repeats RoTL(A) and 
RoTR(D) set the outer limits, the total T-region length is 22,874 nucleotides. These border repeat 
sequences occur in both octopine and nopaline Ti plasmids and play a fundamental role in the transfer of 
55 the T-region to the plant genome. In the present study, similar repeated sequences were also found at two 
locations within the T-region at positions 14,060 (B) and 15,900 (C). These two repeats are referred to 
hereafter as RoTL(B) and RoTR(C). The presence of these internal repeats is especially interesting because 
of the observations that the T-DNA in octopine crown gall cells has a complex organization involving one 
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(TL-DNA) or two (TL-DNA and TR-DNA) regions (De Beuckeleer, M. et al. (1981) Mol. Gen. Genet. 183:283- 
288; Thomashow, M, F. et al. (1980) Cell 19:729-739). The TL-DNA contains the tumor inducing genes~(tms, 
tmr and tml) and occurs""irTall tumor lines so far examined whereas the TR-DNA occurs only in primary 
tumors end in some stable tumor lines. The fact that these two T-DNA regions appear to be able to 
s integrate independently and that both are bounded by the basic repeats provides additional evidence of 
their fundamental role in the transfer of the T-DNA from the Ti-plasmid to the plant genome. The nucleotide 
sequence of the four repeats is presented here. 


Repeat 

io — c - 


Nucleotide Sequence 


RoTL(A) 66CAG6ATAT ATT CAATTGTAAAT 

15 

RoTL(B) GGCAGGATATATACCGTTGTAATT 

20 RoTL(C) GGCAGGATATATCGAGGTGTAAAA 

RoTL(D) G G C A G G A T A I A 1 G C G G T I £ T A A T T 


25 

Within the total T-region there are 26 open reading frames (Fig. 3) longer than 300 nucleotides which 
start with an ATG initiation codon. These possible transcripts would encode polypeptides ranging in size 
from 11.2 kilodaltons to 83.8 kilodaltons. Fourteen of these open reading frames show possible eukaryotic 
promoter sequences with close homology to the Goldberg-Hogness box. They also show close agreement 
30 to the possible eukaryotic ribosome binding site reported by Kozak (M. Kozak (1978) Cell 15:1109-1123; 
Kozak, M. [(1979) Nature (London) 280:82-85] and contain possible poly(A) addition sites atTheir 3'-ends 
which are thought to act as transcriptional termination signals (Brawerman, G. (1974) Ann. Rev. Biochem. 
43:621-642; (1975) Prog. Nucl. Acid Res. Mol. Biol. 17:117-148). Open reading frame 11 codes for octopine 
synthase while open reading frames 24, 25 and 26 code for mannopine and agropine synthases. It is 
as noteworthy that all the possible eukaryotic transcripts occur within the TL and TR-DNA regions. The open 
reading frames between the direct repeats RoTL(B) and RoTR(C) and also to the right of RoTR(D) and to 
the left of RoTL(A) show possible Shine-Dalgarno ribosome binding sites and thus appear to be prokaryotic 
in origin. 

The information made available by the present invention as described above enables the construction of 
40 a variety of recombination plasmids eminently useful in the transfer of foreign genes and/or foreign DNA 
into the genome of recipient plant cells. Foreign genes and/or foreign DNA are here defined as DNA 
nucleotide sequences which are not normally present in the T-DNA of a Ti-plasmid. Knowledge of the 
nucleotide sequence provides information on the locations of the promoter regions of the various genes and 
the boundaries of the open reading frames and therefore, as a corollary, also gives the amino acid 
45 sequence and molecular weight of the various encoded proteins. In addition, the nucleotide sequence has 
located all of the direct repeat regions which are of vital importance in the transfer of the T-DNA (including 
various foreign genes and/or foreign DNA) from the Ti-plasmid to the plant cell genome. Examples 2 - 7 
give details of the construction of a number of useful recombinant T-DNA's which can be inserted into a 
wide host range plasmid. In each of these constructions, suitably located unique restriction sites are 
so available for the insertion of foreign DNA containing one or more genes. In addition, antibiotic resistance 
genes are incorporated in the vector region of the recombinant plasmid, i.e., outside the T-DNA repetitive 
regions which include the selective opine synthase gene and the foreign DNA and/or foreign genes. 

A novel feature of these T-DNA recombinant constructions is that the tumor inducing genes (tms, tmr 
and tml) are preferably deleted or inactivated with the result that it becomes easier to regenerate intact 
55 plants from transformed cells. However, it also becomes more difficult to distinguish between transformed 
and normal cells, since they no longer form tumors and so a new method of selecting transformed cells 
must be devised. Van Slogteren et al. [(1982) Plant Mol. Biol. 1:133-142] transformed plant cells into 
octopine-synthesizing tumor cells after infection with a strain of A. tumefaciens carrying an octopine Ti- 
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plasmid. 

They claimed that, when small normal shoots and octopine synthase containing crown gall shoots were 
transferred to solidified agar media containing various levels of homoarginine (HA), growth of normal shoots 
was clearly inhibited after two to three weeks. In contrast, the crown gall shoots were not inhibited at all at 
5 the lower concentrations of homoarginine and only slightly inhibited at the higher concentrations. 

Van Slogteren et al. [(1982) supra] also tested the effect of homoarginine on freshly isolated normal and 
crown gall protoplasts - After three weeks they observed a clear difference (microscopically) in the growth of 
normal protoplasts compared to crown gall protoplasts. In seven experiments crown gall protoplast showed 
no growth inhibition and hardly any difference was observed in the crown gall cultures in the presence or 
io absence of HA, whereas in normal cultures in HA the survival rate was estimated to be 10% or less. 

Independent experiments by us gave different results. Crown gall tumor lines 15955/1 and 15955/01 
were used for these studies: these tissues are derived from single cell clones obtained from tumors incited 
on N. tabacum cv."Xanthi" by A. tumefaciens strain 15955 (Gelvin, S. B. et al. (1982) Proc. Nat. Acad. Sci. 
U.SA 79:76-80). Both lines grow on medium lacking cytokinins and auxins and both contain T-DNA. 

is HoweveTToctopine is not found in line 15955/1, whereas it is found in line 15955/01 reflecting the fact that 

the octopine synthase gene is not present in the former line, whereas it is present in the latter line. The 
presence of octopine synthase inline 15955/01 and its absence in line 15955/1 was later confirmed. Thus, 
these two lines are ideal for testing whether or not the toxic analog homoarginine could be used to select 
octopine synthase containing genes as claimed by van Slogteren et al. (supra). As can be seen from Figure 

20 1 , homoarginine affected the growth of the two tumor lines about equally. Clearly, tissue from a line 

containing the octopine synthase gene was not distinguishable from a line without the octopine synthase 
gene. The reason for the discrepancy between our results and those of van Slogteren et al. is at present 
unclear. 

Surprisingly, therefore, further experimentation with a number of other amino acid analogs showed that 
25 selection of octopine synthase containing transformed plant cells was successful with some of the analogs 
but not with others. The relative differences in growth of tissues on medium that contained L-2, 4-diamino-n- 
butyric acid (an analog of L-ornithine) or 2-thiazolyl-alanine (an analog of histidine) were small and 
inconsistent from experiment to experiment and work with these analogs was abandoned. 

The same two tissue culture lines (i.e., 15955/1 and 15955/01) as were used to test the selective 
30 abilities of homoarginine, were also used to test the selective abilities of canavanine-SO* (also an analog of 
arginine) and 2*amino-ethyl-cysteine (an analog of L-lysine). In view of the failure to select for cells with the 
ability to synthesize octopine synthase by growth on medium containing homoarginine, it was most 
surprising to find a considerable degree of selection for such cells when tests were conducted on 
canavanine-S0 4 (OS) (Fig. 4). Even more surprising was the powerful and absolute selection for trans- 
35 formed octopine synthase producing cells when the selection was done on medium containing even very 
low concentrations of 2-amino-ethyl-cysteine (AEC) (Fig. 5). These two amino acid analogs (CS and AEC) 
can be used to select for transformed cells in tissue cultures and regenerating plants obtained from these 
tissue cultures or for transformed protoplasts. 

Furthermore, the same approach to selection is useful with the agropine synthase genes. Agropine and 
40 mannopine appear to be derived from condensation of glutamine and a carbohydrate and results from this 
invention have also clearly demonstrated that when agropine/mannopine synthase genes are present in 
transformed cells, then the use of a toxic amino acid analog distinguishes transformed cells from normal 
cells. In principle, nopaline synthase could be used to detoxify an appropriate toxic analog of its arginine 
substrate to achieve selection in the described manner. An appropriate analog has not been identified to 
45 date. 

A number of strains of Nicotiana tabacum were tested for their ability to grow on toxic analogs of amino 
acids participating in the agropine-mannopine biosynthetic pathway. Details of the strains used are shown 
(Table 2). 

In all experiments 50mg pieces of tissue were used initially. Three pieces were placed on each petri 
so dish and duplicate dishes were used. These tissue pieces were grown for 9 weeks before they were 

harvested, dried and weighed. In one set of experiments two strains of Nicotiana tabacum cv. Xanthi were 

tested. One strain 159 No.-I was agropine/mannopine negative while the other strain 1590-1 was 

agropine/mannopine positive. These two strains were tested for their ability to grow on various levels of 
glutamic-hydrazide (GH-Table 3), S-carbamyl-L-cysteine (CC-Table 5) and 6-diazo-5-oxo-L-norleucine 
55 (DON-Table 7). When grown on 20ug GH/ml medium, the growth rate of Strain 159 No.-I 

(agropine/mannopine negative) had declined to 9.1% of the control growth rate (Table 3) whereas Strain 
1590-1 (agropine/mannopine positive) had only declined to 86.4% of the control rate. The differences 
between the growth rates of the two strains on this toxic amino acid analog were clear and striking. When 
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these two strains were grown on 25ug CC/ml medium, there was a clear drop in the growth rate of the 
agropine/mannopine negative strain to 6.9% of the control growth (Table 5) whereas there was essentially 
no drop in the growth rate of the agropine/mannopine positive strain. Finally, when the agropine/mannopine 
negative strain was grown on 0.25ug DON/ml medium, there was no growth whatsoever, whereas the 
s agropine/mannopine positive strain had only declined to 24% of the control growth rate (Table 7). 

In a second set of experiments, an agropine/mannopine negative strain (WC 58-Table 2) and an 
agropine/mannopine positive strain (W-B634) of Nicotiana tabacum cv Wisconsin 38 were tested on various 
levels of GH, CC and DON. In the case of GH (Table 4), the agropine/mannopine negative strain WC58 was 
dead in the presence of lOug GH/ml of medium, whereas the growth rate of the agropine/mannopine 
io positive strain W-B634 was still 55% of the control growth rate. When the same two strains were tested on 
CC (Table 6), the agropine/mannopine negative strain was dead in the presence of 50ug CC/ml of medium 
while the positive strain showed no decrease at all in the growth rate. Finally, the results were also quite 
clear cut when these strains were grown on DON (Table 8). In the presence of 0.12ug DON/ml of medium, 
the agropine/mannopine negative strain (W-C58) was dead while the agropine/mannopine positive strain (W- 
is B634) had grown to some extent (i.e., 12% of the control growth rate). 

Thus, the results revealed in this invention teach a unique method of selecting for transformed tissues, 
cells and protoplasts. These results make use of the fact that untransformed cells lacking the genes for 
opine synthesis cannot grow in the presence of toxic amino acid analogs, whereas transformed cells 
containing opine synthases are able to grow. Furthermore, the selection can be used either when the 
20 octoplne synthase genes are present or when the agropine/mannopine synthase genes are present. 

The ability to select for transformed cells by selecting for the octopine synthase or the 
agropine/mannopine synthase genes permits a further refinement in the engineering of foreign genes which 
are desired to be expressed. Thus, the transformed cells may be obtained by selecting for one of the opine 
synthase biosynthetic pathways and inserting the foreign gene(s) into the reconstructed T-DNA in such a 
25 manner that expression of these genes comes under the control of the other opine synthase. For example, 
it would be possible to construct a T-DNA containing RoTL(A), octopine synthase, RoTL(B), 
agropine/mannopine synthase-RoTR(D). An analog of lysine, e.g., 2-amino-ethyl-cysteine could be used to 
select for transformed cells by selecting for octopine synthase while the unique Mstll site (nucleotide 19471 
within the agropine/mannopine genes) could be used to insert any foreign DNA. 

30 A further advantage of such a T-DNA construction would be that the two repetitive sequences RoTL(A) 
and RoTL(B) as well as the octopine synthase gene used to select for transformed gene(s) which would still 
be expressed under the control of the agropine/mannopine synthase gene promoter region. 

In summary, the use of reconstructed T-DNA plasmids containing only the direct repeats involved in 
incorporation of the T-DNA into the plant genome and one or more opine synthesizing genes has resulted in 
as the following useful results: 1. The tumor inducing genes have been deleted resulting in greater success of 
plant regeneration from transformed tissue cultures or protoplasts. 2. The opine synthesizing genes have 
been used to select for those plant cells which have incorporated the T-DNA (and therefore in addition any 
foreign genes which have been inserted). 3. The invention now permits the recognition of plant cells which 
have incorporated only parts of TL, only parts of TR or parts of both TL and TR. Since multiple copies of 
40 TR are found in a transformed plant genome, this feature could result in a much higher level of expression 
of foreign genes incorporated into some of these T-DNA constructions. 

Example 1: Sequencing of the nucleotides of the T-DNA from the Ti plasmid pTi 15955 

45 Fragments of T-DNA and the flanking regions obtained by use of restriction endonucleases were cloned 
into pBR322 and then propagated in either E. coli strains HB101 or GM33. The individual clones were then 
sequenced using the method of A. M. Maxam and W. Gilbert [(1977) Proc. Nat. Acad. Sci. U.S.A. 74:560]. 
For sequencing lOug of the cloned DNA's were cut with a suitable restriction enzyme and then treated for 
30 minutes at 55 *C with 2.5 units of calf intestinal alkaline phosphatase after the pH was adjusted by 

so adding one-tenth volume of 1.0 M Tris/HCI pH 8.4 to the reaction tube. The alkaline phosphatase was 

removed by three phenol extractions followed by two ethanol precipitations. The dephosphorylated DNA 
was then dried and taken up in 15ul water and 15ul denaturation buffer consisting of 20mM Tris/HCI, pH 
9.5, ImM spermidine and 0.1 mM EDTA. This mixture was incubated at 70 *C for 5 minutes and then 
immediately put into iced water. After chilling, 4ul of kinase buffer consisting of 500 mM Tris/HCI pH9.5, 

55 100 mM MgCl 2 , 50 mM dithiothreitol, 50% (v/v) glycerol, 100u Ci of [ -^p] ATP and 2.0 units of 

polynucleotide kinase were added and the reaction mixture was incubated at 37 W C for 30 minutes. The 
reaction was stopped by ethanol precipitation and the sample dried. The double end-labelled DNA was 
digested with a suitable restriction enzyme to produce single end-labelled fragments which were then 
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separated on and eluted from a polyacrlamide gel (procedures 4, 5a, 7 and 9 of Maxam and Gilbert). The 
DNA sequencing reactions were then carried out as described (Maxam, A. M. and W. Gilbert 1977) supra) 
with the following modifications. The limiting G + A reaction was carried out by adding 30ul of 88% formic 
acid to the reaction mix and incubating at 20 *C for 3 minutes. The reaction was stopped by the addition of 
5 400ut 0.3M Na-acetate (hydrazine stop). The G reaction time was reduced to 20 seconds and incubated at 

20 *C. The C + T and C reactions were reduced to three minutes at 20*0 and stopped by the addition of 
400ul hydrazine stop. All the reactions were then continued as described (Maxam, A. M. and W. Gilbert 
(1977) supra ). Long sequencing gels 20cm wide, 10cm length and 0.2 mm thick were used to separate the 
oligonucleotides. The gel plates were treated with a silane (Garoff, H. and Ansorge, W. (1981) Anal. 
io Biochem. 115:450-457) to bind the acrylamide chemically to one face plate. The other supporting plate is a 
thermostatlng* plate which maintains the gel at 50° throughout electrophoresis. Samples were separated on 
4%, 6% and 16% acrylamide gels. Differential time loadings were avoided by applying each sample to 
each of the three gels simultaneously. Gels were run for 14 hours at 3,000 volts to provide adequate cross¬ 
over of the sequencing ladders from gel to gel. After electrophoresis, the gel (bonded to the face plate) was 
75 fixed in 10% acetic acid for 15 minutes, then rinsed in water, The gel dried directly onto the face plate, 
shrinking to a thickness of approximately 0,01mm. Consequently, X-ray film could be placed in direct 
contact with the dried gel resulting in increased band intensity and resolution. Auto-radiography was carried 
out at room temperature without the use of intensifying screens. Using these techniques, it was possible to 
routinely sequence 500 base pairs per fragment. Therefore, by applying 5 fragments to each set of 3 gels, 
20 2500 bases of sequence could be obtained. Analysis of the DNA and protein sequences were done by 
computer. The programs used were those of Dr. 0. Smithers and Dr. F. Blattner (University of Wisconsin, 
Madison). 

Example 2: Construction of a micro-Ti plasmid including RoTL(A), RoTL(B) and the octopine synthase gene 

25 

Clone p233 consiste of the BamHI fragment 17 and EcoRI fragment E (Figs. 6 and 6a) cloned into the 
vector pBR322 (Bethesda Research Laboratories, Inc., P.O. Box 577, Gaithersburg, MD 20760). The clone 
was cleaved with the restriction endonuclease Smal (Fig. 6a), the blunt ended Smal restriction site was 
converted to a Bglll site by the use of Bglll linkers and the DNA was ligated and then transformed into E. 
30 coli K802. The resulting recombinant plasmid was purified and then transformed into E. coli GM33 which li 
Dam - and therefore incapable of methylating adenine residues. In this strain the CiaFsTte at nucleotide 
14686 was not methylated and could be cleaved. Following Clal and Bglll digestion, the~procedure yielded a 
T-DNA fragment (fragment 2a from nucleotide 11207 to nucleotide 14686) containing the complete octopine 
synthase gene and the direct repeat at the right hand border of TL (i.e., RoTL(B)). Alternatively, a similar 
35 sized fragment (fragment 2) can be obtained by use of the restriction endonuclease Bell in place of Clal 
(Fig. 6). — — 

Next the Hind lll clone pi02 (covering T-DNA nucleotides 602-3390) previously cloned into the vector 
pBR322 and containing a Bglll site (nucleotide 1617) was cleaved with Bglll and Hindlll (Fig. 7) to yield a T- 
DNA fragment (fragment 1) containing the direct repeat at the left hand border of T L (i.e., RoTL(A)). 

40 Finally, the wide host range plasmid pSUP106 which will replicate in Agrobacterium tumefaciens was 
cleaved with Hindlll and Clal (Fig. 8). These three fragments have the following restriction sites at their 
borders: Fragment 1 has Bglll and Hindlll; fragment 2 has Bglll and Clal; and pSUP106 has ClaHI and 
Hindlll. Since the restriction sites bounding the three fragments are Tiever common to more~than two 
fragments, ligation can only occur in one arrangement (A-ocs-B) (Fig. 8). The Bglll site between fragments 1 
45 and 2 is unique site and can be used to insert any foreign DNA fragment as desired. This restriction site is 
very versatile since foreign DNA segments which have been cleaved by Bglll, BamHI, Bell, Mbol and 
Sau3A, among others, can be inserted. 

Restriction enzymes and ligase were all used according to the recommendations of the supplier. 

50 Example 3: Construction of a micro-Ti plasmid including RoTL(A), octopine synthase, RoTL(B) RoTR(D) 

As described in Example 2, the Hindlll clone pi 02 (spanning T-DNA nucleotides 602-3390) was used to 
yield a T-DNA fragment 1 (Fig. 7) and clone p233 was used to produce fragment 2 (Fig. 6). These two 
fragments were ligated to produce fragment 3 (Fig. 9) with a Hindlll site at one end and a Bell site at the 
55 other end. Fragment 3 contains the nucleotide sequences for~RoTL(A), octopine synthase and RoTL(B). It 
should be noted that RoTL(B) could be omitted from the reconstructed T-DNA plasmid by restriction 
cleavage with BamHi at the BamHI restriction site at nucleotide 13774, i.e., 142 nucleotides upstream from 
the initiation codon of octopine synthase. When this site was used, it was found that the octopine synthase 
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gene expression was prevented. When the Bell site (nucleotide 14711) was used to isolate a fragment 
containing the octopine synthase gene, then the"gene was actively expressed. It is possible that a different 
DNA fragment could be substituted for the region between Bell and BamHI to restore expression of the 
octopine synthase gene, e.g., any of the repetitive sequences, i.e., RoTL(A), RoTL(B), RoTR(C) or RoTR(D). 

5 The next step is to amplify the EcoRI clone p501 (Fig. 10) previously cloned into pBR322 and to purify 
the plasmid. The purified plasmid is then cleaved with restriction endonucleases Stul and Kpnl to yield a T- 
DNA fragment covering nucleotides 21673 to 24337 and including the repetitive sequence RoTR(D) 
(fragment 4). The cleavage produced by Stul is blunt ended, whereas that produced by Kpn l has a 3'- 
overhang. The blunt-ended Stul site is converted to a BamHI site by the use of BamHI linkers. After BamHI 
io digestion, fragments 3 and 4 are ligated together to yield fragment 5 (Fig. 9) which has a Hindlll site at one 
end and a Kpnl site at the other end. It should be noted that the endonucleases Bell and ~Bam HI produce 
compatible cohesive ends. 

Then the 3*-overhang produced by cleavage of fragment 4 with Kpnl is made blunt ended using the 3'- 
exonuclease activity of bacteriophage T4 DNA polymerase (Maniatis, T. et a[. (1982) In Molecular Cloning 
is p.140 Cold Spring Harbor). Following inactivation of the polymerase by phenol extraction and precipitation 
of the plasmid in cold ethanol, the blunt end is converted to a Hindlll site by the use of Hindlll synthetic 
linkers so that fragment 5 now has Hindlll sites as both ends. Fra~gment 5 is then digested with the enzyme 
Hindlll. 

Finally the wide host range plasmid pSUP106 is linearized with Hindlll and treated with bacterial alkaline 
20 phosphatase. Fragment 5 is then ligated into the linearized pSUP106 to yield a recombinant plasmid in 
which the T-DNA section contains in sequence RoTL(A), octopine synthase, RoTL(B), and RoTR(D) (A-ocs- 
B-D) (Fig. 9). It should be noted that the versatile Bglll site at the junction of fragments 1 and 2 can be used 
to insert any foreign DNA fragment carrying one oTrnore genes that are desired to be expressed. 

25 Example 4: Construction of a micro-Ti plasmid including RoTL(A), RoTR(D) and the agropine/mannopine 
synthase 

The agropine mannopine synthase genes include open reading frames 24, 25, and 26 (Fig. 3) but it is 
not yet known which of these open reading frames corresponds to agropine synthase and which cor- 
30 responds to mannopine synthase. Reading frames 24-26 are therefore referred to as agropine/mannopine 
synthase genes (ags/mas). The EcoRI clone p403 (T-DNA nucleotides 16202 to 21631) and the EcoRI clone 
p501 (T-DNA nucleotides 21632 to 24590) were both cloned into pBR322 and separately transformed into 
E. coli HB101. Following amplification and purification, clone p403 is cleaved with Sstl at the T-DNA 
nucleotide 18,472 (see Fig. 11). The overhanging 3'-end is made blunt ended using the 3'-exonuclease 
35 activity of bacteriophage T4 DNA polymerase (Maniatis, T. et al (1982) In Molecular Cloning p.140 Cold 
Spring Harbor). Following inactivation of the polymerase by" phenol extraction and precipitation of the 
plasmid in cold ethanol, the blunt ends are converted to Bglll sites by the use of Bglll synthetic linkers. 
Then the DNA is cleaved with EcoRI and Bglll to produce Hragment from the T-DNAcovering nucleotides 
18,472 to 21,631. This fragment (fragment 6) contains some of the agropine/mannopine synthase genes and 
40 is bounded by a Bglll site and an EcoRI site. 

Next EcoRI clone p501 (T-DNA nucleotides 21632-24590), previously cloned into pBR322, is cleaved 
with restriction endonucleases EcoRI and Kpnl. The resulting fragment 7 (Fig. 12) contains the remainder of 
the agropine/mannopine synthase genes (not included in fragment 6) and, in addition carries the repetitive 
sequence RoTR(D). 

45 Fragment 1 (Fig. 7), fragment 6 (Fig. 11) and fragment 7 (Fig. 12) are mixed together and ligated. Since 
no more than two of the six ends have compatible cohesive ends, the three fragments can only ligate in one 
orientation to give fragment 8 (Fig. 12) (A-ags/mas-D) with a Hindlll site at one end and a Kpnl site at the 
other end. Finally, the 3'-overhang at the Kpnl site is removecTby T4 DNA polymerase and converted to a 
Hindlll site by use of synthetic linkers. (Note: this will convert both ends to blunt ends and add Hindlll 
so linkers to the Hindlll end. This adds 4bp to that end.) this fragment therefore has Hindlll sites at bottvends 
and can be inserted into pSUP106 after this wide host range vector has been~~iinearized by restriction 
endonuclease Hindlll. 

Example 5: Construction of a micro-Ti plasmid including RoTL(B), RoTR(D) and the agropine synthase 
55 genes. 


Clone p233 which spans the BamHI fragment 17 and EcoRI fragment E (Fig. 13) was cloned into the 
vector pBR322. The resulting recombinant plasmid was then transformed into E. coli GM33 which is Dam” 
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and was therefore incapable of methylation. In this strain the Bell site at nucleotide 14711 was not 
methylated and could be cleaved. Following amplification, the recombinant plasmid is purified and cleaved 
with the restriction endonuclease Hpal (Fig. 13). The blunt ended Hpal restriction site is converted to a Bglll 
site by the use of Bglll linkers. Then the fragment is cleaved with the restriction endonucleases Bglll~and 
5 Bell. This procedure~yields a T-DNA fragment (fragment 9 from nucleotide 13,800 to nucleotide~14711) 
which contains the direct repeat at the right hand border of T L (i.e., RoTL(B)). 

A second fragment (fragment 10) which includes the agropine/mannopine synthase genes and the direct 
repeat at the right hand border of T R (i.e., RoTR(D)) was constructed by mixing fragments 6 and 7 (Fig. 12) 
with fragment 9 (Fig. 13) and ligating them together to give fragment 10 (Fig. 14). The 3'-overhang at the 
io Kpnl restriction site is then blunt ended by use of T4 DNA polymerase and converted to a Hindlll site by 
use of synthetic linkers. This procedure will convert both ends to blunt ends and add Hindlll linkers to the 
Hindlll end. Subsequent digestion with Hindlll and Bell will produce a fragment with a "Bell site at one end 
(compatible with a BamHI site) and a Hindlll site at the other end (fragment 11 -B-ags/mas-D) (Fig. 14). 

The wide host range vector pSUPIOS which can replicate in Agrobacterium tumefaciens is then 
75 linearized by digestion with BamHI and Hindlll and fragment 11 is inserted into the linearized vector. 

Example 6: Construction of a micro-Ti plasmid including RoTL(A), the agropine/mannopine synthase genes, 
RoTR(D), ~the octopinesynthase gene and RoTL(B) 

20 Fragment 1 was obtained as described in Example 2 (Fig. 7). This fragment has a Hindlll site at one 
end and a Bglll site at the other end. Fragment 12 was obtained by ligation of fragmentslTand 7 (Fig. 12) 
and has a Bglll site at one end and a Kpnl site at the other end. 

Clone p233 which spans the Barn FfiTragment 17 and EcoRI fragment E (Figs. 6 and 13) was cloned into 
the vector pBR322. The resulting recombinant plasmid was then transformed into E. coli GM33 which is 
25 DanrT and was therefore incapable of methylation. In this strain the Bell site at nucleotide 14711 was not 
methylated and could be cleaved with the enzyme Bell. Following amplification, the recombinant plasmid is 
purified and cleaved with the restriction endonucleases Bell and Kpnl to yield fragment 13 spanning T-DNA 
nucleotides from the Kpnl site (nucleotide 9838) to the Bell site (nucleotide 14711). Ligation of a mixture of 
fragment 1 (Fig. 7), fragment 12 (Fig. 12) and fragmenM3 (Fig. 15) yields a recombinant fragment 14 (Fig. 
30 16) with a Hindlll site at one end and a Bell site at the other end (A-ags/mas-D-ocs-B). 

The wide host range plasmid pSUP106 is finally linearized with the restriction endonucleases Bam Hi 
and Hindlll. After linearization, fragment 14 is inserted by ligation. 

This construction has the advantage that, if desired, the foreign genes can be inserted into one of the 
opine synthase genes and the promoter of that gene then used for the expression of the foreign genes 
35 while the second opine synthase gene can be used for the selection of transformed cells. 

Example 7: Construction of a micro-Ti plasmid including RoTL(A), duplicate octopine synthase genes and 
RoTL(B) and RoTR(D) 

40 The methods of obtaining the fragments used in the present T-DNA construction have been described 
in the previous examples. Fragments 1 and 2 were obtained as described in Example 2 (Figs. 6 and 7). 
Fragment 4 is obtained as described in Example 3 (Fig. 10) and fragment 13 is obtained as described in 
Example 6 (Fig. 15). 

In the present example, fragments 2 and 13 are ligated together to give fragment 14 containing two 
45 octopine synthase genes and two repetitive RoTL(B) sequences in opposite orientations (Fig. 17). Following 
repurification of the ligated fragment, the correct orientation is checked by a restriction endonuclease map 
and the purified, ligated fragment 14 is then mixed with fragments 1 and 4 to yield fragment 15 (Fig. 17) 
containing all the required elements. Fragment 15 is inserted into the wide host range mutant pSUP106 
following linearization of the vector with the restriction endonucleases Hindlll and BamHI. The presence of 
so two octopine synthase genes available for selection will increase the ability to select transformed cells or 
protoplasts from a mixture of transformed and normal cells or protoplasts when they are grown in the 
presence of a toxic anino acid such as canavanine or 2-amino-ethyl-cysteine. 

Example 8: Preparation of a Bacillus thuringiensis crystal protein gene 

55 

pESI (H. E. Schnepf et al„ Eur. Pat. Appl. 63,949, ATCC 31995) is cut with Pstl, then mixed with and 
ligated to Pstl-linearized mWB2344 (W. M. Barnes, et al. (1983) Nucleic AcidF~Res. 11:349-368). The 
resultant mixture is transformed into E. coli JM103, and tetracycline resistant transformalits are selected. 
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Double-stranded RFs (replicative form) are isolated from the transformants and characterized by restriction 
mapping. Two types of transformants are found: cells harboring mWB2344-ES1-A; and cells harboring 
mWB2344-E$1-S. These are Ml3 vectors which when in single-stranded viral form carry the ant sense and 
sense strands of the crystal protein gene of pESI. 

5 The sequence of the crystal protein gene (see below: b) (H. C. Wong et al. (1983) J. Biol. Chem. 
258:1960-1967), if changed at three base-pairs, will have a Clal site (5\..A"TCGAT...3') immediately ahead of 
the^ATG translational start site. The oligonucleotide (see below: a) 5'ATGGAGGTAATCGATGGATAACA3' is 
synthesized by standard methods, is hybridized to the single strand viral form of mWB2344-ESl-A, and is 
used to prime synthesis of a second strand of DNA by the Klenow fragment of E. coli DNA polymerase I. 
io After ligation and selection of covalently closed circular DNA, the mixture is transformed into JM103. RF 
DNAs are isolated from the infected cells and characterized by restriction enzyme analysis. A clone 
descended from and containing the mutant sequence (a) is identified by the presence of a novel Clal site 
which maps at the 5*-end of the crystal protein gene and is labeled mWB2344-ES1-A(Cla). The effecFof the 
mutation can be seen by comparing the sequences of the oligonucleotide primer (a) with the 5* end of the 
75 crystal protein gene (b): 

a) B’ATGGAGGTAAI^CG ATG GAT AAC A3 1 

b) S'...AGAGATGGAGGTAAC TT /AT6/GAT/AAC/AAT/CC...3 ' 

20 Met Asp Asn Asn Pro... 

Note that only three out of 23 base pairs have been changed (the underlined nucleotides of (a)), thereby 
assuring good hybridization properties. 

25 The crystal protein gene is removed from mWB2344-ES1-A(Cla) by digestion with Clal and Xhol. The 
Xhol sticky ends are converted to Clal sticky ends by ligation to a linker, synthesized by standard methods, 
having a structure as follows: 

so Xhol Cla l 

S'TCGAGCCCATS' 

S'CGGGTACGS* 

35 Excess linkers are trimmed off of the crystal protein gene-bearing fragment by digestion with Clal. 

Example 9: Construction and modification of a promoter vehicle 

pKSIII, which is a pRK290 clone corresponding to the T-DNA clone p403 (Fig. 3) which encodes a 
40 gene covering 1.6kb (C. F. Fink (1982) M.S. thesis, University of Wisconsin-Madison), or p403 itself, is 
digested with Clal and then religated. The ligation mix is transformed into E. coli K802 (W. B. Wood (1966) 
J. Mol. Biol. 16:118) and selected for tetracycline resistance. Piasmids are isolated by doing "minipreps" 
(plasmid preparations from small volume cell cultures) and restriction maps are obtained to prove the 
structure. The new vehicle, pKS-prol (see T. C. Hall et al., U.S. Patent Application Serial No. 485,614, 
45 incorporated herein by reference), can be linearized by Clair 

The above manipulations are done with the following - rationale: The T-DNA gene in pKSIII is shown 
below in summarized form as follows: 

Clal 960 bp 250 bp Clal 60 bp SO bp 

50 5'...TACACCAAAT*CG /ATG/6AC/ATG/.. ../TGA/ .AT*CGAT.AAATAA....AAATAA...3' 

promoter Met Asp Met.stop polyadenyl at Ion signals 

"1.6" kbp gene 

55 

By removing the Clal fragment, the promoter region of the "1.6" gene is brought next to the 3'-downstream 
region of the gene. This 3' region includes polyadenylation signals. The resulting structure is summarized 
as follows: 
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pRK290 

Cla l 60 bp 50 bp 

5'.. .ATACACCAAAT*CGATAGT.AAATAA.AAATAAAA... 3' (pKSproI) 

5 promoter polyadenylation signals 

Example 10: Insertion of the prol promoter into the A-ocs-B plasmid (Fig. 8) 

70 

pKS-prol is digested with EcoRI and mixed with and ligated to EcoRi /Bam HI linkers, synthesized by 
standard "procedures having the following structure: 

EcoR I BamH I 
S’AATTCCCCGa 1 
3*GGGGCCTAG5 a 

20 The linkers are trimmed by digestion with BamHI. After the T-DNA promoter fragment is purified by gel 
electrophoresis, it is mixed with and ligated to Bglll-linearized A-ocs-B (Example 2, Fig. 8). The mixture is 
transformed into E. coli GM33 and transformants resistant to chloramphenicol are selected. Plasmids 
isolated from suchlraniformants are isolated and characterized by restriction enzyme analysis. A plasmid 
containing the promoter fragment is labeled pA-ocs-B-prol. 

25 

Example 11: Insertion of the crystal protein gene into the vector 


pA-ocs-B-prol is linearized with Clal, and is then mixed with and ligated to the crystal protein gene¬ 
bearing fragment terminated by Clal sticky ends constructed above. The resulting plasmids are transformed 
30 into GM33. Plasmids isolated from” transformants resistant to chloramphenicol are characterized by restric¬ 
tion analysis. A colony is chosen which contains a plasmid, pA-ocs-B-prol-ESI, having present a single 
copy of the crystal protein gene oriented in the same polarity as the prol promoter. 

pA-ocs-B-prol-ESI is transferred to an appropriate Agrobacterium - host and used to transform tobacco 
cells as described in Example 12. 

35 

Example 12: Selection of plant cells transformed by transfer of reconstructed T-DNA recombinant plasmids 
from Agrobacterium tumefaciens 

The purpose of this example is to demonstrate a procedure to select transformed cells from mixtures of 
40 transformed and non-transformed cells. Generally, transformed cells are selected for their hormone 
autonomous growth. However, when Ti plasmids that have been mutated in tms, tmr or tml are used, then 
transformed cells are not autonomous and a selectable marker becomes desirable. Kanamycin or G418 
resistance is a possibility, but it requires engineering a resistance gene. Another possibility is the use of 
octopine synthase as an enzyme to detoxify exogenously added toxic amino acid analogs, e.g., 2- 
45 aminoethyl-cysteine (2AEC). In this invention, it has been demonstrated that non-transformed tissues were 
killed by low levels of AEC (Fig. 5) whereas crown gall tissues expressing octopine synthase were not killed. 

Therefore, the present example uses Ti-plasmids that are mutated in tms, tmr or tml but contain a non- 
mutated octopine synthase gene. Plants are first stem inoculated as previously described (K. A. Barton et 
al. (1983) Cell 32:1033-1043). After 10-12 days, fresh growth is removed and shaken in liquid culture until a 
so number of cellsTiave sloughed off. The culture is then passed through a filter and the small clumps of cells 
are collected. These clumps are plated on a filter paper placed on top of a feeder culture containing 
hormones. 

Once the cells have started to grow, the entire filter is transferred to hormone media containing 2AEC. 
The transformed cells will be expressing octopine synthase that will detoxify the amino acid analog thus 
55 allowing them to grow whereas the untransformed cells will be killed. 

Colonies that grow on 2AEC are picked and tested for octopine synthase. These cells can then be 
regenerated and can be shown to carry T-DNA containing the octopine synthase gene. 
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Example 13: Tests for the relative toxicities of amino acid analogs using strains 15955/1 and 15955/01 from 
Nicotiana tabacum (tobicco) cv. "Xanthi" 


Aqueous solutions of the amino acid analogs were adjusted to pH 5.6-5.8 and sterilized by filtration 
s (0.45 micron Millipore filter). Serial dilutions of each analog were added to cytokinin- and auxin-free agar 
medium (Linsmaier, E. M. and F. Skoog (1965) Physioi. Plant 8:100-127) that had been autoclaved and 
allowed to cool to about 60 *C. A number of other plant strains were used for initial screening of the 
analogs. Three lOOmg pieces of 4-6 week old tissue were planted on analog-containing medium in 55 mm 
Petri dishes using tissue lines from Helianthus annuus (sunflower) cv. "Russian Mammoth" Kemp, J. D. 
io (1982) In Kahl, G. and J. S. Schell (eds.) Academic Press, New York, London, Paris pp.461-474); E228 and 
Bo542, from N. tabacum cv. "Samsur (Sacristan, M. D. and G. Melchers (1977) Mol. Gen. Genet. 152:111- 
117), Braun's - teratoma from N. tabacum cv. "Havana" (Braun, A. C. and H. N. Wood (1976) Proa Nat. 
Acad. Sci. U.S.A. 73:496-500)7”A66 isolated from N. tabacum cv. "White Burley" (Firmin, J. L. and G. R. 
Fenwick (1978) Nature, London 276:842-844); arid W-A6, W-B634, W-C58 and W-T37 isolated by J. 
75 Tournew, CNRA, Versailles, from tumors incited on N. tabacum cv. "Wisconsin 38" by octopine-type A. 
tumefaciens strains A6 or B634, or nopaline-type strains C58 or T37, respectively. The results with all of the 
above strains were essentially the same as those described for N. tabacum cv, "Xanthi" strains 15955/1 and 
15955/01. For the toxicity studies with the 15955/1 and 15955/01 tumor lines, three 50mg pieces of 4-6 
week old tissue were planted on medium in 90mm dishes. In all cases, duplicate or triplicate dishes were 
20 used for each tissue and each concentration of an analog. The tissues were weighed after 5-7 weeks of 
growth at 25 ° C in the dark. Growth was expressed as a percentage of the fresh weight increase of the 
same tissue on medium that did not contain any analog or amino acid. The experiments were repeated after 
initial results delimited the range of concentrations to use for a given analog. Experiments with the 15955/1 
and 15955/01 lines were repeated at least twice with the appropriate concentration ranges. 

25 

Example 14: Method of assaying for opine synthases 

Octopine synthase was assayed using some modifications of previous methods (Birnberg, P. et al. 
(1977) Phytochemistry 16:647-650; Goldmann, A. (1977) Plant Sci. Lett. 10:49-58; Hack, E. and J. D. Kemp 
30 (1977) Biochem. Biophys. Res. Comms. 78:785-791; Lejeune, B. (1967) TT R. Acad. Sci. Ser. D. 265:1753- 

1755; Otten, L. A. B. M. and R. A. Schilperoort (1978) Biochim. Biophys. Acta. 527:497-500). For each mg 
of tissue in a 1.5ml Eppendorf tube, 3ul of a buffered (0.15M potassium phosphate, pH 6.9) reaction mixture 
was added. This reaction mixture contained 20 mM L-arginine, 50 mM pyruvate and 13.5 mM NADH. The 
tissue was carefully macerated in the reaction mixture with a glass rod and incubated at 25 *C for one hour. 
35 The samples were then clarified by centrifugation and 2ul of supernate was spotted on Whatman 3MM 
paper. Up to 30ul of sample was used to verify a negative assay result. The Whatman 3MM paper with the 
samples, as well as 1-1 Oug of octopine (or other opine) as an authentic standard and Orange G as a 
migration marker, was carefully wetted with electrophoresis buffer (formic acid/acetic acid/water; 3/6/91, 
v/v/v) and electrophoresed at 50-75 volts/cm (Gibson High Voltage Electrophoresis Apparatus, Model D) for 
40 10-20 minutes. The electrophoretograms were dried in a current of hot air and stained for octopine (or other 

opines) with either a phenanthrene quinone reagent (Yamada, S. and H. A. Itano (1966) Biochim. Biophys. 
Acta. 130:538-540) or with Sakaguchi reagent (Easley, C. W. (1965) Biochim. Biophys. Acta. 107:386-388). 
The Sakaguchi reagent is several-fold less sensitive but was more specific for guanidinyl compounds. When 
the above conditions were used, it was also shown that tissue extraction buffers (Hack, E. and J. D. Kemp 
45 (1977) supra; Otten, L. A. B. M. and R. A. Schilperoort (1978) supra) did not improve assay results and, in 

fact, retarded electrophoretic migration when larger sample volumes were spotted. Electrophoretic mobilities 
were measured from the origin (0) relative to Orange G (1.0). 


50 
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TABLE 1 

RESTRICTION ENZYME SITES OF THE T-DNA RE6I0N OF pTI 15955 


Enzyme 

Sites 

Locations 





Apa I 

1 

11,930 





Mst II 

1 

19,471 





Xba I 

1 

18,089 





Mlu I 

2 

8,939 

12,943 




Sal I 

2 

6,778 

23,292 




Tth I 

2 

17,043 

24,288 




Hpa I 

3 

7,257 

9,442 

13,800 



Kpn I 

3 

625 

9,838 

24,337 



Pst I 

3 

9,211 

10,069 

22,456 



Sst I 

3 

2,610 

14,089 

18,472 



Sst II 

3 

14,996 

18,462 

23,123 



Xho I 

3 

6,727 

15,208 

21,476 



Xma III 

3 

411 

11,983 

22,663 



Ast I 

4 

4,511 

11,763 

14,665 

15,140 


Bal I 

4 

4,319 

5,456 

6,253 

21,618 


BstE II 

4 

11,768 

11,976 

22,865 

24,501 


Eco B 

4 

12,452 

17,041 

20,160 

21,516 


Rru I 

4 

16,515 

17,144 

18,885 

24,213 


Sma I 

4 

155 

2,212 

4,850 

11,207 


Stu I 

4 

4,217 

6,938 

14,675 

21,673 


Xor II 

4 

327 

670 

1,206 

23,033 


Bam HI 

5 

1 

7,602 

8,082 

9,062 

13,774 

Nar I 

5 

13,536 

17,158 

19,170 

20,027 

24,098 

Bel I 

6 

10,058 

24,404 

14,711 

14,973 

15,938 

21,540 

Bgl II 

6 

1,617 

22,930 

4,254 

5,033 

6,023 

7,720 

Nru I 

6 

14,276 

24,294 

14,475 

16,420 

17,973 

21,416 

Sph I 

6 

3,241 

21,562 

13,220 

13,289 

17,601 

19,295 

BssH II 

7 

677 

9,410 

12,071 

19,334 

22,273 



23,321 

24,069 


Hind III 

7 

602 

3,390 

5,512 

5,933 

6,631 



19,239 

19,953 


Bgl I 

8 

158 

848 

3,506 

4,216 

5,066 


5,342 

12,150 

19,056 



Eco RI 

8 

4,494 

5,545 

12,823 

13,026 

13,362 



16,202 

21,631 

24,590 

Nae I 

8 

511 

5,197 

6,276 

10,475 

12,077 



20,806 

22,353 

24,096 



Nde I 

8 

2,174 

7,282 

7,475 

8,360 

19,084 



19,715 

21,731 

24,586 

Aha III 

9 

752 

2,679 

2,726 

2,799 

3,799 



9,665 

12,221 

13,685 

16,306 


BstX I 

9 

587 

1,589 

5,862 

6,150 

8,002 



10,259 

13,751 

20,132 

22,741 


Eco RV 

9 

2,707 

4,888 

7,354 

9,292 

12,797 



12,996 

18,027 

21,522 

22,041 
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Enzyme Sites locations 



Nco I 

9 

2,921 

18,372 


tan I 

9 

2,806 

10.103 

10 

Nst I 

10 

1,408 

15,077 


Bvu I 

11 

2,610 

14,089 

24,547 

15 

Ava I 

12 

153 

6,727 

21.476 


Cla I 

12 

1,206 

14,686 

21,432 

20 

Pvu I 

12 

2,834 

6,831 

22,616 


Acc I 

14 

1,161 

11,482 

23,293 

25 

HgiA I 

14 

812 

7,628 

18,183 

30 

Hlnc II 

14 

1,369 

11,321 

21,472 

HgiC I 

17 

621 

7,443 

17,157 

24,324 

35 

HgiD 1 

21 

1,376 

11,760 

15,231 

19,389 

24,455 

40 

BstN I 

24 

309 

5,023 

10,865 

14,672 

19,590 

45 

Hae II 

Hph I 

Ava II 

28 

37 

38 

539 

5,210 

10,474 

14,707 

17,980 

22,352 

50 

Fok I 

Nci I 

39 

40 



5,286 

13,378 

15.421 

15,562 

21,080 

21,710 

24,065 


5,793 

6,567 

6,839 

6,992 

13,512 

17,679 

21,343 

4,462 

9,855 

11,632 

15,017 

15,570 

17,602 

19,928 

20,494 

5,022 

6,969 

11,930 

12,574 

16,049 

18,472 

22,310 

23,517 

2,210 

4,848 

5,114 

6,019 

11.205 

11.960 

15.208 

18.678 

21,803 

2,915 

4,154 

9,282 

9,292 

15.672 

18.744 

16.890 

20.128 

24.239 

3,061 

4,682 

5,138 

6,031 

9,975 

11.834 

12.541 

14.615 

24,091 

2,687 

6,587 

6,779 

6,794 

11,560 

13,991 

15,116 

19,942 

23,417 

23,677 

24,028 


1,868 

2,610 

5,134 

6,228 

12,480 

12,834 

14,089 

14,583 

13,472 

20,866 

21,093 


5,721 

6,780 

7,257 

9,442 

13,156 

13,800 

17,075 

19.393 

21,727 

22,440 

23,294 

3,586 

4,960 

5,119 

6,153 

9,834 

12,010 

13,535 

16,015 

19,169 

20,026 

22.701 

24.097 

24,333 

2,503 

4,508 

6,803 

8,335 

12,516 

13,536 

14,662 

15,137 

15,801 

16,470 

17,158 

19,170 

19,648 

20,027 

20,244 

24,098 

377 

1,423 

2,538 

4,210 

6,976 

7,056 

7,583 

10,151 

11,868 

12,146 

12,602 

13,553 

16,947 

19,313 

19,346 

19,422 

19,677 

20,790 

22,830 


2,206 

2,331 

3,327 

5,196 

5,309 

5,981 

6,539 

9,789 

12,269 

13,539 

13,845 

14,335 

15,731 

15,872 

16,412 

17,161 

18,509 

19,173 

19,576 

20,030 

24,101 

24,398 


55 
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Enzyme Sites Locations 



Rsa I 

40 

5 

ftfi I 

44 


Hoa I 

45 


HInf I 

47 


SfaN I 

47 


Mbo 11 

61 

70 

Serf I 

64 


Ode I 

66 


Tac I 

67 


Sau 96 

69 


Hae III 

91 

75 

Hha I 

98 


Alu I 

99 


Hpa II 

102 


Fnu 4H 

103 


Taq I 

111 

20 

Sau 

116 


Mnl I 

158 


25 


TABLE 2 


A list of the tissues used for testing ability to grow in the presence of various toxic amino acid analogs. 

Strain No. 

Cultivar 

Transformed by: 

Mannopine 

Agropine 

159 No. 

1 

Nicotiana tabacum 

Agrobacterium tumefaciens 

- 

- 

cv. Xanthi 

strain 15955 

1590-1 

do 

do 

+ 

+ 

W-C58 

N. tabacum 

A. tumefaciens 

- 

- 

cv. Wise. 38 

strain C58 

W-B634 

N. tabacum 
cv. Wise. 38 

A. tumefaciens 
strain B634 

+ 

+ 


40 


45 


50 


55 
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TABLE 3 


5 Dry weights of transformed tissues containing agroplne/mannoplne synthase 
genes compared to dry weights of transformed tissues without agropine 
mannoplne synthase genes when grown in the presence of various levels of the 
, 0 toxic amino acid analog glutamic- -hydrazlde (GH). 


IS 


20 


ug/ml 

medium 


Nicotiana tabacum cv. Xanthi^ a ) 


Strain 159 No. 1^ 


Wt. In mg. % of control 


Strain 1590-l( c > 


Wt. in mg. % of control 


25 


0 

7230 

— 

1250 

-- 

2.5 

5690 

78.7 

880 

70.4 

10 

2900 

40.1 

1180 

94.4 

15 

2900 

16.6 

1200 

96.0 

20 

660 

9.1 

1080 

86.4 

25 

100 

1.4 

650 

52.0 


35 


40 


45 


(a) Experiments were done in duplicate dishes with 3 pieces tissue/dish. 

(b) Agropine/mannopine negative. 

(c) Agropine/mannopine positive. 
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55 
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TABLE 4 


Dry weights of transformed tissues containing agropine/mannoplne synthase 
genes compared to dry weights of transformed tissues without 
agropine/mannopl ne synthase genes when grown In the presence of various levels 
of the toxic amino acid analog glutamic- -hydrazlde (GH). 


Nlcotlana tabacum cv. Wisconsin 38^ a ^ 


15 ug/ml 

medium Strain W-C58^k) 


Strain W-B634^ c ) 


20 


Wt. In mg. % of control 


Ut. in mg. % of control 


0 

1100 

— 

2.5 

610 

55.5 

5 

200 

18.2 

10 

Dead 


15 

Dead 


20 

Dead 


25 

Dead 



1670 

— 

920 

55.1 

1300 

77.8 

920 

55.1 

620 

37.1 

430 

25.7 

580 

34.7 


35 


(a) Experiments were done In duplicate dishes with 3 pieces tissue/dish. 
45 (b) Agropine/mannoplne negative. 

(c) Agropine/mannopine positive. 


50 


55 
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TABLE 5 

5 Dry weights of transformed tissues containing agroplne/mannoplne synthase 
genes compared to dry weights of transformed tissues without 
agropine/mannopine synthase genes when grown in the presence of various levels 
of the toxic amino acid analog S-carbamyl-l-cysteine (CC). 

10 

Nlcotiana tabacum cv. Xanthi^ a ^ 

75 vg/<nl 

medium Strain 159 No. 1 ^) Strain 1590-1 



Wt. in mg. 

% of control 

Wt. in mg. 

% of control 

0 

7230 

-- 

1250 

-- 

6 

7800 

107.9 

1180 

94.4 

12 

6720 

92.9 

1640 

131.2 

25 

500 

6.9 

1160 

92.8 

50 

500 

6.9 

1400 

112.0 

100 

400 

5.5 

1710 

136.8 


30 


35 


(a) Experiments were done in duplicate dishes with 3 pieces tissue/dish. 

(b) Agropine/mannopine negative. 

(c) Agropine/mannopine positive. 
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TABLE 6 

Dry weights of transformed tissues containing agroplne/mannopine synthase 
genes compared to dry weights of transformed tissues without 
agropine/mannopine synthase genes when grown in the presence of various levels 
of the toxic amino acid analog S-carbamyl-L-cysteine (CC). 

Nicotiana tabacun cv. Wisconsin 38^ 


75 

ug/ml 

medium 

Strain W- 

■C58< b ) 

Strain 

W-B634< c ) 

20 


Wt. in mg. 

1 of control 

Wt. in mg. 

% of control 


3 

1100 

— 

1670 

— 


5 

270 

24.5 

1890 

113.2 

25 

■ *> 

1040 

94.5 

1440 

86.2 


15 

220 

20.0 

1720 

103.0 


zD 

Dead 

— 

2000 

119.8 


i:d 

80 

7.3 

2580 

154.5 


30 


(a) Experiments were done in duplicate dishes with 3 pieces tissue/dish. 
45 (b) Agropine/mannopine negative. 

(c) Agropine/mannopine positive. 
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TABLE 7 


Dry weights of transformed tissues containing agroplne/mannoplne synthase 
genes compared to dry weights of transformed tissues without 
agroplne/mannoplne synthase genes when grown In the presence of various levels 
of the toxic amino acid analog 6-d1azo-5-oxo-L-norleuc1ne (DON). 


Nicotiana tabacum cv. Xanthi 


(a) 


15 


20 


25 


30 


35 


ug/mi 

medium 

Strain 159 

No. l( b ) 

Strain 

1590- 

l(c) 


Wt. In mg. 

% of control 

Wt. In mg. 

% 

of control 

0 

7230 

-- 

1250 


— 

0.015 

5260 

72.8 

1230 


98.4 

0.03 

2470 

34.2 

1330 


106.4 

0.06 

2880 

39.8 

1180 


94.4 

0.12 

90 

1.2 

600 


48.0 

0.25 

60 

0.8 

300 


24.0 

0.50 

Dead 

— 

140 


11.2 

1.0 

Dead 

-- 

100 


8.0 

2.0 

Dead 

-- 

300 


24.0 


40 


(a) Experiments were done in duplicate dishes with 3 pieces tissue/dish. 
45 (b) Agropine/mannopine negative. 

(c) Agropine/mannopine positive. 


50 


55 


23 



EPO 140 556 B1 


TABLE 8 

Dry weights of transformed tissues containing agroplne/mannoplne synthase 
genes compared to dry weights of transformed tissues without 
agroplne/mannoplne synthase genes when grown in the presence of various levels 
of the toxic amino acid analog 6-diazo-5-oxo-L-norleucine (DON). 

Nicotiana tabacum cv. Wisconsin 38< a > 


wg/ml 


medium 

Strain 

W-C58^ b ) 

Strain 

W-B634< c ) 


Wt. in mg. 

t of control 

Wt. in mg. 

% of control 

0 

1100 

— 

1670 

— 

0.015 

250 

22.7 

470 

28.1 

0.03 

540 

49.1 

270 

16.2 

0.06 

120 

10.9 

360 

21.6 

0.12 

Dead 

-- 

200 

12.0 

0.25 

Dead 

-- 

120 

7.2 


(a) Experiments were done in duplicate dishes with 3 pieces tissue/dish. 

*5 (b) Agropine/mannopine negative. 

(c) Agropine/mannopine positive. 

so Claims 

1. A vector plasmid for the transfer of foreign DNA into the genome of recipient plant cells comprising a 
heterologous DNA sequence which is expressible in a plant, which is flanked on each side by a T-DNA 
repetitive sequence selected from the group consisting of RoTL(A), RoTL(B), RoTR(C) and RoTR(D) 
55 having the following nucleotide sequences: 
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RoTL(A) : GGCAGGATATATTCAATTGTAAAT; 


RoTL(B) : GGCAGGATATATACCGTTGTAATT; 


RoTR(C): GGCAGGATATATCGAGGTGTAAAA; 


10 


RoTR(D): GGCAGGATATATGCGGTTGTAATT. 


2. The vector plasmid of claim 1 wherein at least one of said flanking T-DNA repetitive sequences is 
75 RoTL(B). 

3. The vector plasmid of claim 1 wherein at least one of said flanking T-DNA repetitive sequences is 
RoTR(D). 


20 4. A vector plasmid of any of claims 1 to 3 wherein said plasmid lacks tumor-forming genes and further 
lacks antibiotic resistance genes in the T-DNA region; and which comprises at least one opine synthase 
gene that is expressible in a plant. 

5. A plasmid according to claim 4 wherein said heterologous DNA is expressed under the control of a 
25 heterologous promoter. 

6. A plasmid according to claim 4 wherein said heterologous DNA is expressed under the control of an 
opine synthase promoter. 


so 7. A plasmid according to claim 4 wherein at least one of said opine synthase gene or genes are selected 
independently from octopine synthase genes and agropine/mannopine synthase genes. 

8. A plant cell transformed by a plasmid according to any preceding claim. 

35 9. A plant or plant tissue comprising plant cells according to claim 8. 

10. A method of selecting non-tumorous plant cells transformed with a DNA sequence comprising a plant 
expressible opine synthase gene and a plant expressible heterologous gene, said sequence being 
flanked on each side by a T-DNA repetitive sequence selected from the group consisting of RoTL(A), 

40 RoTL(B), RoTR(C) and RoTR(D) having the nucleotide sequences as defined in claim 1 from a mixture 
containing said transformed plant cells and untransformed plant cells comprising: 

(a) plating said mixture on a suitable growth medium containing an amino acid analog toxic to 
normal cells and metabolized by a plant cell expressing the opine synthase encoded by said gene; 

(b) growing said mixture on said growth medium for a selected period of time to provide colonies of 

45 plant cells; and 

(c) selecting from said colonies those colonies exhibiting greater growth rates. 

11. The method of claim 10 wherein said transformed plant cells comprise a DNA segment comprising: 

(a) at least two T-DNA repetitive sequences at least one of which is RoTL(B); 

so (b) at least one opine synthase gene that is expressible in a plant; and 

(c) at least one heterologous gene that is expressible in a plant, wherein said DNA segment lacks 
tumor-forming and antibiotic resistance genes. 

12. The method of claim 10 wherein said transformed plant cells comprise a DNA segment comprising: 

55 (a) at least two T-DNA repetitive sequences at least one of which is RoTR(D); 

(b) at least one opine synthase gene that is expressible in a plant; and 

(c) at least one heterologous gene that is expressible in a plant, wherein said DNA segment lacks 
tumor-forming and antibiotic resistance genes. 
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13. The method of any of claims 10 to 12 wherein said amino acid analog is canavanine. 

14. The method of any of claims 10 to 12 wherein said amino acid analog is 2-amino-ethyl-cysteine. 

5 15. The method of any of claims 10 to 12 wherein said amino acid analog is glutamic-gamma-hydrazide. 

16. The method of any of claims 10 to 12 wherein said amino acid analog is S-carbamyl-L-cysteine. 

17. The method of any of claims 10 to 12 wherein said amino acid analog is 6-diazo-5-oxo-1-norleucine. 

70 

18. A DNA fragment comprising the sequence of RoTR(D) as follows: 

GGCAGGATATATGCGGTTGTAATT. 

19. A DNA fragment comprising the sequence of RoTL(B) as follows: 

75 GGCAGGATATATACCGTTGTAATT. 

Revendlcations 

1. Un plasmide vecteur pour le transfert d'ADN etranger dans le genome de cellules d'une plante 
20 receptrice comprenant une sequence d'ADN heterologue qui est exprimable dans une plants, qui est 
flanqu6 de chaque cot6 par une sequence r6p6titive de T-ADN choisie dans le groupe constitu^ par 
RoTL(A), RotL(B), RoTR(C) et RoTR(D) ayant les sequences de nucleotides suivantes: 


25 RoTL(A): 
RoTL(B) : 

30 

RoTR(C): 
RoTR(D): 


GGCAGGAT 

GGCAGGAT 

GGCAGGAT 

GGCAGGAT 


ATATTCAA 

ATATACCG 

ATATCGAG 

ATATGCGG 


T T G T A A A T; 
TTGTAATT; 
G T G T A A A A; 

TTGTAATT. 


2. Le plasmide vecteur de la revendication 1, dans lequel au moins une desdites sequences repetitives de 
T-ADN flanquantes est RoTL(B). 

40 

3. Le plasmide vecteur de la revendication 1, dans lequel au moins une desdites sequences repetitives de 
T-ADN flanquantes est RoTR(D). 

4. Un plasmide vecteur selon rune quelconque des revendications 1 a 3 dans lequel le plasmide ne 

45 comporte pas de genes formateurs de tumeurs et egalement de genes de resistances aux antibiotiques 

dans la region de T-ADN et qui comprend au moins un gene de synthase opine qui est exprimable 
dans une plante. 

5. Un plasmide selon la revendication 4 dans lequel ledit ADN heterologue est exprime sous le controle 
50 d'un promoteur heterologue. 

6. Un plasmide selon la revendication 4 dans lequel ledit ADN heterologue est exprime sous le controle 
d'un promoteur de synthase opine. 

55 7. Un plasmide selon la revendication 4, dans lequel au moins un dudit gene ou desdits g§nes de 

synthase opine sont choisis independamment des genes de synthase octopine et des genes de 

synthase agropine/mannopine. 
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8. Une cellule de plante transform^© par un plasmide selon Tune quelconque des revendications 
pr6cedentes. 

9. Une plante ou un tissu de plante comprenant des cellules de plante selon la revendication 8. 

5 

10. Une m£thode pour selectionner des cellules de plante sans tumeurs transformees au moyen d’une 
sequence d'ADN comprenant un gene de synthase opine exprimable par la plante et un gene 
h£t£rologue exprimable par la plante, ladite sequence etant flanquee de chaque cote par une sequence 
repetitive de T-ADN choisie dans le groupe consistant en RoTL(A), RoTL(B), RoTR(C) et RoTR(D) 

io ayant les sequences de nucleotides telles que denies dans la revendication 1 h partir d'un melange 
contenant lesdites cellules de plante transformees et les cellules de plante non transformees compre- 
nant: 

(a) ('application en plaque dudit melange sur un milieu de culture approprie contenant un analogue 
d'acide amine toxique vis-4-vis des cellules normales et metabolise par une cellule de plante 

75 exprimant la synthase opine cod6e par ledit gene; 

(b) la culture dudit melange sur le milieu de culture pendant une periode de temps choisie pour 
fournir des colonies de cellules de plante; et 

(c) la selection, & partir desdites colonies, de celles qui exhibent les vitesses de croissance les plus 
grandes. 

20 

11. La rn&hode de la revendication 10 dans laquelle les cellules de plante transformees comprennent un 
segment d'ADN comprenant: 

(a) au moins deux sequences repetitives de T-ADN dont au moins une est RoTL(B); 

(b) au moins un g§ne de synthase opine exprimable dans une plante; et 

25 (c) au moins un gene het£rologue qui est exprimable dans une plante, dans lequel lesdits segments 

d'ADN ne component pas de genes formateurs de tumeurs et de resistance aux antibiotiques. 

12. La method© selon la revendication 10 dans laquelle lesdites cellules de plante transformees compren¬ 
nent un segment d'ADN comprenant: 

30 (a) au moins deux sequences repetitives de T-ADN dont au moins une est RoTR(D); 

(b) au moins un gene de synthase opine exprimable dans une plante; et 

(c) au moins un gene heterologue qui est exprimable dans une plante, dans lequel ledit segment 
d'ADN ne comport© pas de genes formateurs de tumeurs et de resistance aux antibiotiques. 

35 13. La m^thode selon I'une quelconque des revendications 10 k 12, dans laquelle ledit analogue d'acide 

amine est la canavanine. 

14. La mgthode selon I'une quelconque des revendications 10 & 12, dans laquelle ledit analogue acide 
amine est la 2-amino-ethyl-cysteine. 

40 

15. La method© selon I'une quelconque des revendications 10 Si 12, dans laquelle ledit analogue acide 
amine est le gamma-hydrazide glutamique. 

16. La m4thode selon I'une quelconque des revendications 10 & 12, dans laquelle ledit analogue acide 

45 amine est la S-carbamyl-L-cysteine. 

17. La methode selon I'une quelconque des revendications 10 k 12, dans laquelle ledit analogue acide 
amine est la 6-diazo-5-oxo-1-norleucine. 

so 18. Un fragment d'ADN comprenant la sequence de RoTR(D) com me suit: 

GGCAGGATATATGCGGTTGTAATT. 

19. Un fragment d'ADN comprenant la sequence de RoTL(B) comme suit: 

GGCAGGATATATACCGTTGTAATT. 

55 

Patentanspriiche 

1. Vektorplasmid fUr den Transfer von Fremd-DNA in das Genom von pflanzlichen Aufnahmezellen, 
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10 


IS 


umfassend eine heterologe, pflanzenexprimierbare DNA-Sequenz, die beidseits von einer sich wieder- 
holenden T-DNA-Sequenz flankiert ist, die aus der Gruppe RoTL(A), RoTL(B), RoTR(C) und RoTR(D) 
ausgewahlt ist, wobei diese die folgenden Nucleotidsequenzen haben: 


RoTL(A): 


RoTL(B): 
RoTR(C): 
RoTR(D): 


GGCAGGATATATTCAATTGTAAAT; 

GGCAGGATATATACCGTTGTAATT; 

GGCAGGATATATCGAGGTGTAAAA; 

GGCAGGATATATGCGGTTGTAATT. 


2. Vektorplasmid nach Anspruch 1 , bei welchem zumindest eine der flankierenden, sich wiederholenden 
T-DNA-sequenzen RoTL(B) ist. 

20 

3. Vektorplasmid nach Anspruch 1, bei welchem zumindest eine der flankierenden, sich wiederholenden 
T-DNA-Sequenzen RoTR(D) ist. 

4. Vektorplasmid nach einem der AnsprUche 1 bis 3, welchem tumorbildende Gene und aufierdem 

25 antibiotische Resistenzegene in der T-DNA-Region fehlen; und welches zumindest ein pflanzenexpri- 

mierbares Opinsynthase-Gen umfaflt. 

5. Plasmid nach Anspruch 4, in welchem die heterologe DNA unter der Steuerung eines heterologen 
Promotors exprimiert wird. 

30 

6. Plasmid nach Anspruch 4, in welchem die heterologe DNA unter der Steuerung eines Opinsynthase- 
Promotors exprimiert wird. 

7. Plasmid nach Anspruch 4, in welchem zumindest ein Opinsynthase-Gen Oder eines der Opinsynthase- 

35 Gene unabhangig voneinander ausgewahlt ist aus den Octopinsynthase-Genen und den Agropin- 

/Mannopinsynthase-Genen. 

8. Pflanzenzelle, die mit einem Plasmid nach einem der vorhergehenden AnsprUche transformiert ist. 

40 9. Pflanze Oder Pflanzengewebe, die bzw. das eine Pflanzenzelle nach Anspruch 8 enthalt. 

10. Verfahren zur Selektierung nicht tumoroser Pflanzenzellen, die mit einer DNA-Sequenz transformiert 
sind, die ein pflanzenexprimierbares Opinsynthase-Gen und ein pflanzenexprimierbares heterologes 
Gen umfaflt, wobei diese Sequenz beidseits von einer sich wiederholenden T-DNA-Sequenz flankiert 
45 ist, die aus der Gruppe RoTL(A), RoTL(B), RoTR(C) und RoTR(D) mit den in Anspruch 1 definierten 
Nucleotidsequenzen ausgewahlt ist, aus einer Mischung, die diese transformierten Pflanzenzellen und 
nicht transformierte Pflanzenzellen enthalt, wobei: 

(a) diese Mischung auf ein geeignetes Wachstumsmedium aufgestrichen wird, das ein fur normals 
Zellen toxisches und von eine Pflanzenzelle, die die von dem genannten Gen codierte Opinsynthase 

50 exprimiert, metabolisiertes Aminosaureanalogon enthalt; 

(b) Zuchtung dieser Mischung auf dem Wachstumsmedium wahrend eines bestimmten Zeitraums, 
urn Kolonien der Pflanzenzellen zu bilden; und 

(c) Selektion jener Kolonien, die groOere Wachstumsraten zeigen, aus diesen Kolonien. 

55 11. Verfahren nach Anspruch 10, bei welchem die genannten transformierten Pflanzenzellen ein DNA- 

Segment umfassen, das enthalt: 

(a) zumindest zwei sich wiederholende T-DNA-Sequenzen, von denen zumindest eine RoTL(B) ist; 

(b) zumindest ein Opinsynthase-Gen, das in einer Pflanze exprimierbar ist; und 
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(c) zumindest ein heterologes, pflanzenexprimierbares Gen, wobei diesem DNA-Segment tumorbil- 
dende und antibiotische Resistenzgene fehlen. 

12. Verfahren nach Anspruch 10, bei welchem dies© transformierten Pfianzenzellen ein DNA-Segment 

5 aufweisen, das enthalt: 

(a) zumindest zwei sich wiederholende T-DNA-Sequenzen, von denen zumindest eine RoTR(D) ist; 

(b) zumindest ein Opinsynthase-Gen, das in einer Pflanze exprimierbar ist; und 

(c) zumindest ein heterologes, pflanzenexprimierbares Gen, wobei diesem DNA-Segment tumorbil- 
dende und antibiotische Resistenzgene fehlen. 

10 

13. Verfahren nach einem der Anspruche 10 bis 12, bei welchem dieses Aminosaureanalogon Canavanin 
ist. 

14. Verfahren nach einem der Anspruche 10 bis 12, bei welchem dieses Aminosaureanalogon 2-Aminoeth- 

75 ylcystein ist. 

15. Verfahren nach einem der Anspruche 10 bis 12, bei welchem dieses Aminosaureanalogon 
GlutaminsSure-gamma-hydrazid ist. 

20 16. Verfahren nach einem der Anspruche 10 bis 12, bei welchem dieses Aminosaureanalogon S-Carbamyl- 

L-cystein ist. 

17. Verfahren nach einem der Anspruche 10 bis 12, bei welchem dieses Aminosaureanalogon 6-Diazo-5- 
oxo-1-norleucin ist. 

25 

18. DNA-Fragment, enthaltend die Sequenz von RoTR(D) wie folgt: 

GGCAGGATATATGCGGTTGTAATT. 

19. DNA-Fragment, enthaltend die Sequenz von RoTL(B) wie folgt: 

30 GGCAGGATATATACCGTTGTAATT. 


35 


40 


45 


50 


55 
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lAMOMmnaMrTcaMiani 


CACt*T«CitOOCTTC*rrTCOCe*TTCCCAC*XACCOLTTTCATCrTCACATTCCTCTC*CL- 


CACTTTtAC=TACCAATTCfcCTCTACCCCArr*CCTCACA' 


Ar«crTCcoc*j^rrrroAACTccTCCccTAACATCACAi 


‘ATTTCeATccTOCArr rr * err a a ttaaxt ct: * r aaa aati 


accccaityaatt ataacatct i.ictf*rmmnt*AMAic*CTOciAATtcaii 


ceAATC U L C * rr A Co&ccc r r ** c n*AA C .ix i ioc7AA.i 


CTCCATAAArrrCAT'CATTAATACTCATCTTCCCATTCATCCACCIi 


CATATaCC .1 UCiIATACTCAATCTAT 


TCCTTCaCCT GCCTCCCCaCCACTCOCATTTCAT AAT 


atcat atcttcaaa£aaat at acttt aaat attt attcat aaaataacaactcacct . 


*aatt cacaaatatttcaataactcattat ATCACCTCCT 


TACTTCCTXTCAAAAATCCCCACATAATAACTTAAArCACTTTCTTCCCCdTCA' 


Y AAATTTCa£CTCTCTCTCa TCaaTCCCCTCTC aCaCTCaaCCTTTCCCAT A£AAAT < 


TCCaCCaTaa I . 1 1 II aT*AA A .Cl IlL C*■' 


*7TCT*rrAicT*cTrTArcccrA*AT*ccArTccTrc 


CCCACCC ACSCCCAJTUTCTCCACCTrCCCAgCCTATCC 


c*AACAAArAfATCArrrccAiccTTACAi iu::c. i i~n cccAArcrTCccrrcAAAA 


TACceea au:uuxnc Arecr Aiu:LiuiiC AAAT*£TTCi 


cccTArc cc rc >C A Auucnciu cAACcs c:mc icTAACCTceACACCTi 


CCTACCTA>£O.TArr*XACTArCTArreArCATTAAlATAArCXCTVrATTtXAAtA 


OOC^CTOjCAAAATAATCCCaCCTCA ll HC 1 Tn AATCCaCCaTCAAATAATATCTTA* 


TTTCTCT Aa£aCaaACT At AtTCCCCCT At AI aTa£ ATCCCCCCCTCCCaCCaI 


ACTCTCATCTCAACA>UCArCCATAAAATCCTCCrCACCCTTCCCCCAlTrrCCCCTCCCtCi 


CCCCCAObCCCTAACCTCAATCCCTCACAATCArCArcrTCT*£i 


CTCCTCACACCCCCA£*CAATTCAXAAAACTCArTAA STTCArAATCCACAmXACAAA 


n OC AAAAAC AaTT a TTCTT A TCTCaaC a rcc CT ATTCCAAC AAAI AT CT aaaCTTT 


TAATTCACTCAAATCCT ACCCaCI CTCr C AACrOCCCCTCAA m CT CCrCC A C T ATaCC 


CCAACCAATAACAaAACAAACTATCaCCTTCTCGCACAAAAAACTTTCGCAAAJ^ 


ACAICTATTTCAAAAAT 


aCaTTCCCCTACATCAAaCa< 


TCCCCaCTCTaCCTCCaC 


CCTACCTTACCrCATCgArCCArOCCCTACTArCOCCTA C A f AAATCCCCCATTATCCCATCTCA C Ji.AA C C Cr TrCTCT C CArTTCAAA CCC ACA rr AAA 


Tn*ATTAtArrrcccT*T 


**CaCTTTI 4 fTCCn aAATCaT AAaTTaaa A . [ IC 1 I CaaaaTCTCCaTCCCaaCTT ArTATTGCATTTAT aaCAT aaCCCa C T V 1 HT Tl CaTa C a C C C 
aa T aCaaCCa TT Ca rTCTCATCAAT CTCaaaaaTTCT aaaaaOC aaC a TCCT ACAAACT 7 T aa rrccCT AAACCCCCAAAAT atcccaatccaatccctt 


TAAATCCACCATCA£AATA£ATACTCTAAXC 


TCCTCTTCACTTACCAATAAZaTGCCCACCCA 


■QCCTCAC ctx Ar attcaacattatc c A C AC fT 


ATACCTTCTCAACOCXC 


,CCT CC AAATCCCCC C 7 TA£ATCa C a AA C TT 


T AT ACACTCAZ AtACATAAATACTCA 




.T C AAC C AAAA C I CICCC ATTCI AACaa£AT atcttcat 


AT im* 11 A i IWlLUC CCTATCTAJUr 


atttcctcccttataocaattcaactc 


ArrCAAJTTAAACACCZAXACTXCTAAACA 


ACAT AAAT7TATTCATCC A a O TTA 


atta tt: : c t aacacataaatt c a tc a t ata 


TCCTACTCAACCATA 


ATTACCTCrCCrCrTTOCAA 


TATCTCOCAAATTCATCATCTCACCICTC 


OCCCCOCCCCCTTAATTrrCAACCTTCAACT 


Ca T aCTCCaCCCCaaa TT A T AT ATT At at AA 


aTCTaaTTTCCTTaaCATaTaTaaTTTA 


aTCaCTC a T AAT aaaaTT A TTT a rcc AACATC a 7 T ATTCCA 
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^fXCCIATOCCOCCCOCArrOCTAA CACA CCTTCCTCTCAA T COCCT AATCCA T CCATCTCCA7TCCAAC ACC CAACCCA T CACC? CTC ACCCaaa CA CC 

4^tCCrCA^CCC*CCT*CflC LltU.ltJLI CCTTCCCirCAC*rTTCCCACCT*CfcTCrrCAATCTCTCC*CC»TCCTCCCArTCrCC4T*ACTe»r J c^ 

• • • • ■ * _ • 

tcct CACCt AraocrriceccACCAACccTccTcrTcccAj^CAA r *ccat ct «atct Arrc<anTTCAACT acttc cc a r AOcrcccTTCAAcrcTTC 

€TcrcAAce*crceooccccAcrrcArATycAecTnccAAArTTCATcrccArvATTrccccArrcccAATCTTcccTACArcAccccTACCAAmc 
• *•**•• * 
TTTCATCACCT CA C AM A Atf 4 A A C aCTTTTT aCAAACT CCTCCACAI ACTCTTTT acaccctctccaaa ttcat ac actccaactcccaacctccccc ct 

r»ArrcACTTocTCA>acTCCccAATcnACcn T AA C AAXA CT TACc a.iiiL*j iu,u c C A cerc *Ar< x i i cn i cacctcct accc c ca t -a rcxc 


CXTCiUCCTCArCATIUUUCTACCnCTACC C A ftX CgArCCnAOCCCCTIOCCCCCAC CCC ' XC ClATTCICICCCCTCTeCCBCAAArTtrCCCCTC 

• •• t • » » » « • 

C a ffC ATTACAACATOCeCTACCCA C KCCCr ATCATt enVU; A n CT CCCCCCI ACCCCTAACCCCTAlTArCCCATCTCCCCCATATCTAC&AACCCTC 


mc cf A OC coc crrxT cccata a . i u» i in ih aattccaaaccataa 

CTCArecAiA ii :u rx i f^ A rr esccAC icc T ce iccT C A 4A a aa o cr x x en.cr * crci: ccATCCT»Tc r r i c ccij u: mill atcaccc c cscc 
• • • • , 

ATcrrcoccrrAAA 


<g * iX A c ri i:iciiic^iiit> c ciC T : a A4JXiiiu^ ocTAACc* fiC TiuiTc riT 4 rr < i c t ci c : c *crTccAAArrr c AA,A ccc AnxACACCAA 


ATAA4 T i T * fr AA CA~iir Ju rcc A 4j< ;m.u.cj Lrr Ar T ccnxc juLTTCAocAATCA CJ i c cTCT C Ar4 cr AAreACTCTAeccACTAC cc r cecT;rr 

TCAAAOOCAjUb 

HUJL.1 1 IC C AHUmA TCrCAAC E AACA CTAHrXllU CCC Ar T CIC AACrTAAA T Af 4 AA <"rfT TCA HiH»I ArTTATCTA f A C AAAAA Cr AATTTT 
TICTAACAAICTCACCTTCA A.HC1 UCt TCATA 4 fT A fl TCCCArCAlCTC CC AA CC AAAArCCTCCATCTCACAAT'CCTCCAT AACC CC CA T CAAtTCCA 

ccpt j:i i iccc ircce nii T 


CI TAXCr ilC lIUAUllS C CTT ACA T CTCA C C lCC T CC AAAfl C rACCA CM C iCiafl CmrATCrAXAXTC e CAAA C AAAITCT CCCC CCCATACTTC 

AATC C AAA CCI " mXfrOAXC AA C ACTCA CICCIClCCnC CCA.TCCACnCCCA CC A imC CATCCAn i C H:Cl^ MCCACAACrAAT P CAA CO O CI 


cnin ccrcA £ oo c T4AA4 r i j cTocAcccAiTCAicTiACTCArnccrccccAnTCAArcTCiAj> C A C Tcccgc c»uuj ucccTc co uTcca 

• * ♦ * ■ • * • * * * 

CTCTA gr A T JATCCCACCA T CAAATCCCrTA C CCC C TTTACCATAAC CCn « AA gCC C CCC TCC C ATTTCACATCCTACCTTAlCCT CC AAA CCT CAXCC 

t c a a tu. 4 iuL^ CA fjr^iu r iTiccA juCAAtC 6 AC Ticci L i ACCAC T ArA fl Ar jx:> s:* i i CA CC Aj ac T iaX ATACTc r A cre i.roco cnt.T ux 
• • • • • • 

CCACCA 1 H ICUl AACCC C JUU tf TXOOOCTCATTCCCCCrceCATTTCOCCACrOCI C: - 
> • • • ■ 

atat ArcAA fl CAA C TCA iu.ieiitr 4 cc cAA C4.il i v<,i CACA iLA:Y T ic * r . rr * <:iiC T C CTAC ic i cc i c cc ec *AATC ccr .c cc ATCCCArri c; 7C 


c t c ncc ArcocciiTA C AAeccTrccccTc ct. 1 1 n ia ac c a ccc i 1 ii c a tcac 
CCACAIA U fill IC CCriC UA.lt A CCCIATTACTCA CCurV IC AAATCA CC A C ACArTACCT CCCC TCATCACTCCrCCCAAA I . T CCC TCAACCCTT 


TCCC C 4CCCA tIULntlU ItA C CC A T A T A f A CCAItillLltXC CACACA ICClLtlCCltXlC AAACATCCU CUnCC TCATCATTCCCACCTATT 

CCCATCTe CC CrCAA CC AA T CTCACAAC liCC ACCTC CCA TCOCATCTCAACI CCn AACC C TCTCT C TCT CMTT > C C C C ATATCCCAI Ci ICA ACTCA 


ccaactcacgcattccctcacatcccataccaat ArrTTTCACocACCACTCAACCAACccrrrcA t aacacccat atcacacc a tcctcaaaactcttc 
ctcatcactcaaccaaaa; 

ACCATCCCAATCCTAAJiflCTCTACTCCTCATCACTTATACATQCCACCACCACTCCCACAACCTCTTCCCCCTCCCCCACAAAAAACACOCArTAtCTCT 

CCTCaCCCACOCAATTTCCACATCTTTCCCCCCCTTTCCCCACCACCTATrrCCTCCCTCCCCrCATTACCACCAAAATCTTATTCAACATCArTeCCrr 
•*•••• • ••• 
ACACACCACAArOCCCCCCCACCrrrCAAACTCAACCCCCTCCrCACCArrTTTATTCTCAACAACTTTTCTTTCAACCACrCCACACCCCTAATCATA 

ckcacttt acztccccccttccacttcttccttcacacctccatccctcc aocctcct attcacac cccctct aac cccctctctccaatt atccacaa 
••**■*■#*♦ 
rTCTCC4CCCArnTCC C AAACC C CAATCCTCTCCAACACTCTTCCAACACATATAACTACCCCACTACAAATTACTCTATCCATCCTCTTACAACTATT 

CCAaCTTTT AT AAATTCCATATTAATCCAATCTTCATTTrT AaCaa CCaaCCT AATCCCCT AaaaaaTCT ATCT7 At ATT AT7T AT ATTT aaTT ATA77C 


Fig. 2-2 
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(^CTcettCiiufiTatumiTunAMUAumiCTCTeACAnciCTeAtiicccAfTCTTATTTCMCCATCAAAnTTCTrcAnTTn 


ctCTccen*rrrt**cfc>ncAccTmti*cuntouMritoocTTTTccTc*eTarcATCTurc*c**ncuTiCTtCaCT*AA*m 

+ • * * » • • * * 

wA^W iti^figegATtiTtAfi W fr f wiy^rrMfAATTT A TTCXCCTTT *TTTC*CTT*fiCTCTCCCTT CC7 T aCTCaCAAA TTCCTTT 

* * “ • • • * __ • * 

wAA^ AA j^ ccrrrnT^^^T*iTrT f r* j,, f , f^ r T rrFAgTTgAAr * AteAATTT ri 


*t AACCCCCTCieATAACfcCAA tTCTCT*At*f*AJU*TCACTTTCT UTCAAT ATACT I CA* A AA t a iATWCTCCAfCTAAi t 1 i wCCTCCAACT 

tct*c*fr«Mr*fr*rr* 



AT . CCC A r A CT TAA CC ACA I t . ' 1 U. 


ju o c cctc t ccaccccattct att ait * !* * r *j h i cc *rcrTTcc4JkTCiaccrec«rTC*(*ccc*.rTCTCAA*c*cAra:*rcciTiTccAT*toc 

* . • ■ • • • • * # • 

a a:i:.uu:»rec » fMfrtf *racocaa:ArcCTAnceAcen tArnc^* T»TceA^J!ucnanutceaTcccDcetfTtf 

• • ••• • _ * 

TTCArceATt riy»Tr .M 4: * rf * **rr Trrrr * * fT T*A cr c ^^r3^ 7Tce*oeCkrrceAUuocTCATccrTTcgfcAArciAT7AgcTTAcec 

• • • • #** • • • * 
CAfiCOCTCCCTODC*eCTCTCT7C*TerCCATA*CtTVrTeCTJATTCTTrXTCOCTTTCTCC7CTTCrccCxOCC5CCCXiXT*rrrtXC*CttTCC*T 

anti t ^rcLuLinTtArccTPCTCJokCfc>^rrcr:Acrnxo>couucci ait 4.TCTTAAj>jTTTtAAArrrccjkT^ 

aataaac? ArcsTAAcrcTccercn ArcxATAArrTcrcTAAATCTr: aatatatatoj acaacdcaaTaaat ATTAAjaAiAfiCccTTTurauux 

AYt*jLT*XATCJLnACAAcrTCTTTAJATTTCcociACcrrrrccATTArTTT r . cc o a t *> c rc*opcArjLiTccT r * * * < rr * r *»**t r rcccAAAi 

rrc agc . -^ * r rcecTTD u.>i >fc tL«i ATTAArAm* c*iHJ wctco u: 7T CCi ATCAT7cocc cc ju cc TCAe c.t«i;t**iit Ti r *AA rr »TecA 

• • • ■ • • • « • • • 

TCCAATc^ecjiTcccr fr , T: t* r . i- # ita:.;ci ACOL itii;.i iCT C AT rrr *AA f A T CATCAACioc uxc TCAACTcr onr A U : : rcj uuuimTAX 
• * * • * • * 

ott a. ■ * » r n cAAAcegATCTAOCA C 7AAcrcT cecr ACATCATCAAr cc T crcrx ccAA i nticiA CAr 

T atct cx cajucaa i lc :; ct A tr :T C AAArccncACArccA : i ci " : i o ccA auc ACT tr ju uxc r a rrcT C ArecTTAtACArr rrr . cc * rr iCAC 

ccccc^rr cc AA nc OTAA ruxr A f i rrc TccTOCCATOACTACACCAAAAATCAATArrcArecrocYA C..; n accaa t tc A rccr a ct a a tt * C 


c ro s i: * . . c j st c. t ocATCATACAccrccrrAKULAAi c^it.ti i aaat c a> c ca c tctct c acaa i .» n. . n> AXTAATTATTAATo.xr aa cac a 


ArTCTCT TLUt» It» AAri flC CCCA tCnCA T C CT C OCCrTCATAAATCTTArATTTAATT CI Ul.Z , ICrJt ' IU;tA 7 CC T CC T C ATATT*** r A f A C TT 

ACAAAArrAm er ** a c * irf atttttc 
CATC ccTccecArcTTTOc nr * a * * r AC* ret ru»x 111 aCxa c A ff ATAACCTTT Ai uai i act aaatcaCatt ct * i a cu c jt a a aa t aacaaa c t 

CAA C AOlCACT'CAAreACATACATTACCCOkCTTTATTACCT C T H'Xrr A fXyr AATTAT TeTf AAA r ArCCOLTCACCCTA A A nTMT CAT CCC A T ^tf 

tcataac ci r r cec AicTCACAcr c.t^ ia::ic cccT cc * c cAfi n,"Mxa r . ' : cATCCTccATCTCArccTccTCA itntitc* rcci c i actctatt 

CCTCCCCCCCCT 7 AAAACgrrA A . . U CA I IC^I& ATTArCTGCTCCCCAAC C CAACAAAC C A CI ICC.lC CCATAAT CCCC AAA.tl f AA C TCArr r CT 
ArcT ce cecTTCAiACT*crrcACc* c c c cACCTTCATCccA a:r r n:L 'i t CATAAcrccATTCA CC CTcccTccA7T , CAT C * rrr * rtxrr.c TATTCCA 
CTTcecA :.i:..c ccAAcrr*CACCAC7T r . f * fir . r iA iA:..icc AC£CAACccccA7TCCcsTgCAATATCTTCAC C AAC CT ATACATACACCAC t:t>i 


tic, irr <.» rrf * f TcrrcArcTCccccjTC c ccACc*TA* ccc TCAAATCTCCAACCTCccAArr*ccTAcccTCArcccA A rcTrc cATCTACTACAA 
ATACnCCCCCTCCTAACrCTCACCQCn a...:i lArArTCACT*A C CAACCCCATTCACCTCATTC t -T C AC a..V;t ATC ttHtlC AACA CC ACA C A 
T7CATACCAnCACT*r e C C:i , iC AATTTTCACCTCCTCACCCreCACAreriCT C C C AAAATTCCCCCTtCACCCCCC C AA CC A iriC TCCTCACTCT 

cccrrcAATccrcccccTAAcrrTcccTA C * cccoc; l e cc*AT*CTCAACTTCAACCAArcTtACCCATCcccceccc ccciT *.* ccrf A CiicLt;i c 
• •••• • 
ACTCAAOCrTArTACTT CrCCCC TCCC n n i n CCl ACATACTACC tCC TCCCCC C: l rTCAAATTTCAATAACATTTArCTAATCACT Cyi 11 AC C.TIC 

Accccncicccc t.: i :.; i AAAArTCCATTTCTAATAATAAAA f ccAATT C T ne i' i ArrcT cc cccrcT ArcATACAicT cc CTATAAACCTATTCA 


Fig. 2-3 
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eo.c**iM*tTcimeArm**MmT*ex»»T**cT*CTicecr*e**teiCT**ATTC**oee»e*AT*n*TTc*f*****T«e*T»eT*i« 
• • « • • • * * • 
CCCTC4t*t4rrCAn*C4ATCJUl«Ct*x*ceCCOCCT*^C*TCTCACCT*e*C*TCCTC*6CTTTTTT4Ci>CCrC(>CAAC*C*ATTCwCC**At 

. • . • • • • • • _ 

trc*wff i K AT “ cgTe T CCCA riineinHirr»frrcc*44*mc>nciA*CTcaTTC*c*ccccTC*CT*iccarrca.rma4flC 

tTCCA6CnC»fi*C*CC*T*COCCeCT*CCJrt*TC4CAeAOCTCCTCCTTC*CC*CCTOCTTOCCTeCTCC*Ct ^CACATTTC^TTTCTCCAACnoe 

fT r^t rirfTf^giATCT fi*rff« c i fl rirruii iL:u:iiaglcciac:44COtccc*TtCTTai%i»iwM<x*CTTlcauK« 

• • • • * • cglC .* TT CCjftA Tr ‘, IW1T. * i J 

4 . • • • • •_ J__*___« 

eCCATTiJ^AATOrroCCCCTTCCTCeTCTi.nCOCCTiUCfcOCCCTCAWeCTTCTOCACAAACTTCCCCT ACAAl.1 UXCATeCCCCATArCgl 

• ••• •••* • _ • 

A,TTcyfTT 77 TT rf * rrf **rrcr *gr imcrCircAjCAcrcnect atttcaaaaaaat at cc a ccoxk a mi cataccactc aaCCC 

f fl TT Tr*- 1 r ctcticacactt accatt accacctc 

• • • • • * _ ♦ • • • 

p-r^.rwjyiiy ^i /yii-rii^ AiY- WTr Af-iTTexA ^^ i ri-» , i4 iTrm i t r 4*tTCCinXrLCCCCAlCCTCCCCACCCtAACAAAAA 


IL1 iti_iL rreeA^TT r rm-rr A f ^ T ^ 4 fr j u' * fr r rrrTr * nrTTCaxflcr ACAtCAfc^w4^A C A C lAA C * ccr AC 
ITTCCCOCAjCCCAAAAITPCCACrT7ACC^ITTCCrACAXrCCAAATATA ^U7 IT' XC'CCC Al7ATCCTT C i XCC C* f .A rXT TTAAATACArCAATCAA 

11 " , IJ iTAj-^A WAATCTBeATg ^ rrerg cc TiAAa* rr ATcecr r *4* frr < rr nccArcTT 

• • • • • _ • _ • _ * * • 

fi^*‘ , *TT T AyA **T T fcl ‘i TiT fTifri?c ng Tiinrnr m LLinux rtam.': u‘ my -** ■ iwa7iA^lw^v4 w «.«iAlwlwvI£^ 

• * « • • • • • • * • 

CJUCAtCCAtCATTAATTTCeAeeTTCACeiACCAIC CfiaXC A T CCCACOeCICACTAATArrCTACPCrAA C A CCr AATTTOOeCTCtAfiACCTCAA 

TTCOeAaCmCTAA3TTeAAAerArrOBCCCCtAA Cll nLC ICTCATCATCCrCACI CCg * C CA J AXA:^SCrTCTAAT7TCAU>.U- *tlCAATAA 

CTCCCTCTCI AlC I TTCTTTCAIT V 1 I TC I CTr c CACTCCAflCPCAXTTCA C CC C A CAA gT CPCCT ACATTSArTTACCeCTCATCAACT CC C r * 4tXf A 

• • • • • • • • * _ * 

ACCCATCiT e AcccoceAATcecAATCC Aiiitc;iui A r AA rr * f j> nc A f A C AAC* cc CAceccACOC*-=crr crcc Ac^»**.^fc atccctcccatoc 


rr cc CA C CATCAA ic; ; cructxrT cc 


Arrrre e c c * r^c TccAtA c» i iccc aacatt 


CCreAATCAOOCrCATOCTTCAJCCCAAIC7CCeAXAA.T6CCCTA>CrATCCPCrCAACCCeeCACCTC*. T . arCgCC reACCACTCAC 1UL * CCATCt 
• •••••* • • * 

rr vtt tt* ry-rrArrj r- p-^r ^ ^TTO -T C ATcr^i^arrcccEA^rT rTYrr/^ ^ 

• • * • • * • _ • 

TTCccceicjLiCATCA LiLiaAjj LTOuccc c gCACCTTCA CC *CAA r cAtcccAic crrr 4A4 r > rrr *rcfcCiTCCTCCCSACTACATACCCTcrcA 

• •••••* • • _• 

flTTTlTTTfr cr^g^^ m*-i i <^ r r A r/y iAj reeMMgegT^TCCAceAATeACCTJLATceCArccCArrccTTCAceATCTAAlTtArecCTCCac 

• •••••• • • * 

• «•*••• • » • 

CA <T 4 * r .k C k | LLC I CCC &ATOCCATCOOOCTTCACCCTCICTTCCACCATCACeCA C A AA fTiBftft AAACCCTTTCCCCATCTCgT aCTTATCTCBCCA 

• ••••*••* _ * 

cttcc c Ace cci: cc TciAcerc cccn cc t c atcca cl i li i CACcce r cecA iTCT ccAT crrrr . c cc accccacaccacatccaccc. . ivtcci 

♦ •••••a* • * 

tc a T i«-C ir r frr^rr Tr^Tr^^T 1 ^^r r ^ rj ^^^^ c ^ r ^^ rrr ^ T ^^ cc ^ TCcri ^ :TtrrrtLt ^ TAC J - n-^u-i i ill ctattcc 
«*••••• • •• 

f J ^fTTTT ^^^^^^ A T^^^ A ^ A ^^ 1 ^^ " eee ^ *^ lf ‘ r * fAAff - fr eTg ftr * < = ** <:re ATCAAeeeTCTTT * c ** gcccc * 

• ••••••• • * 

CCTCATTCATCCCOCTCCACCAtOCACCACCrrCCAACCCCTOCACriCCCTACCrTCCAATCCATfcCACTOCTTCAACCACCCOCCCrrrrCAACCCCA 


rtCrtCeTAAtAOCCAT*TOCATCTCCeCnACOCTTTeCAATTCTt 


ACeceACTCCCCSCTrCCfc*CTTA CCn: . C *ATASCeACCCACCCTC CC AAAAA C TCTeCCCAAArCTACCC C ~ 11 . n CCTACAACTTTC* C 4A» A fC TC 

* * • a • • • * ■ _ * 

CC ACCAt ATaTCCaACTCT AAAAl ATCATTTCCCCATTCATCATAATCCCTT aCTTCATCTTTT A TTTm CCCCT ACT CCC . 11IU »'n CaCTTATTG 


ACaaaCTACCAAATTTCCAA I 111UU,1 ' | AAT7TATCTAACATTCCC CIL» 1 lCU tAATTATT*AACATArT C n C TCri AACACATAATCCACTAATTC 
ACAArTCCTC CC AATCeA l: « IHI1IC A Sn:iCICl AJU U.,l. a HXrn ceA CCC C CT AATCACCCArTCAAAAATCAACCCrTCACICCTTTCCAg 

* « a • a • * • • . • 

TTTTTTAAACCCCTTTCT AAAaTCaaaTTCTAAYCTTTCaaaaTCCaaATTT atcctat ATCaCTTT ATCCCCCTCAaT AA IT AAACCaCaTTCaCACCC 


Fig. 2-4 
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jukCm<ficcccrt*rrrccoc*cTccccueceATC*TCTJULA*c*cTiccTiw^ouArrrcjuuAACACcccwccACCcu*t*«cccTccA*ACT 

cearcacit*4Ci*CTtATU Kii; T U icccT<juuu iiiaiii *£ncc4flMncccCTcncACT*cgTatccCT04mAnaMn 

• •••••** _ • • 

cccitt^mciOAnfcUTcnTicce4nci Ttfffc * C TCCTfcTa*rin*c*igcTnccccrTcanccceiitt**4arccA C c u tt 
• • • * • •* • * * * 

jcrT*mwaT*aCTT4^mj^«cc«ccaLtfgt immaitt <ua*c*TCxec*cc*juuirTTc*n a ccc * c ttccact l c cia at 

• • • • • • * •_ • _ * 

tTcmmgaiue*cca4 C TCT ff * f« CM f l c « *fO i*cnTCTtt4c rrc*ff^fg aTTtaca*amcaTciccM*cTocTTC 

» • • • • • • * * • • • 
C UX>UXTC Uy r 4 r 04 CC ICITaUCCCTCA f JUCC* cr * C TTTCrCAAAI CClCCC eCTtCCCeC7T*^CCTC*ACT^TCCTCTCCTCCCCCTCCCCI 

• • t • • • • * * , * •• 

cocicccrTMCircnrArraf 4aa<Tc*f ircr*ccT i eccACTAcr4TOuu‘.cc<crcoccrT*>ATCicnLiT^TCT*gTTT*rrTAC4 ccatttcc 

• » • • • • • • • _*• 

T*oeiCTi i.ainctJ xnaijciTCTMTcncccTCCTuTumnaigiCTaT7nTaiArrT*oA4TCMAnutcca4mcr 

JXICUJUfATTTT ^ ***AA IUIlUIClUll ATTP Ce JUAITCT*JUAATCCCrAAAtCClArTCCATTCT**4JCiTTAAA£AnTT**CTCTI***AT 

• • . • * • ■* • • • _ “ 

r cc AA Q k Z T cm i tftfirauiaaan iiXi awu*> 4 tf u ncCTuMnt * A* f j ux < f a r*c tTjaCTuraM4TeTttuCT 

• ••*•« * * * • 
C AfcjUtflgtfQXA T U JCTC& tCIJ JW r OXCll CfcTCrrAeACmA CC T r OOCTAIT 4Tt*TAOCrTT*CCCTi» U 1 its A IXg T CCf CTACOT 
• • • • • *••• * 

• * « • i • • • * • 

cjto urnv i ccc fcc u.ix ' n metciX TCcr* £cccc i cc A crrn iciA Tccn<uouccTCCT*cctci*ArrncccArcrrcTCCAAAACTAA 

1 ■ ! A■*ATB&iCTATAAT<gTgdCimcCAl£OClfmTCTCAA^nCrfATPC 

• • • • • • 
ccTrcra>ccToccjuuacci AAC^ACcit<eA t C iuu ^ t* ro^ ijrTTAACCiAgcrA**rrcAAO cc re ccD LCcccTc*eA*ATPCTCccoc^ 

r T A 7 T*T AA * AJJ ^ lw sr T gAT gAyA T , * < " ir ‘** , " A ^ mA *^T A ^ AJ ' 1L I T 1 1 '■ urii-i^ r ei ?TeA rfTri.ieig TgTigii L - Tf ! e T 

• • >■ • ••• » • • • • 
IC n r: TCUT 4 Tr a fTT 4TTCT MiA n ACCCTACCTCACA CC JU tf TT C AA C A A l ^I CIOCACTC C C a UJ U. III HU UC * C * C A CCrCT C**C*TTt 

ATcr ax<xai i m icuxAiACii cec*cTcr 4ACc;iAiiC ACTAOOct* f * f * ci.i:A » CT Cc *AATtC4TcctA C A g A ieirrrr **< m c iicc 


nr * a wnL i iii luiccflod AcrrtAA ricc; mu c in r *juittcc cc aaa c c c aa t aatjlt cc ouuuta mi e g i li <u>aa x ct aattatctt 
nanTUT C4 U4 U» irtfCITu r i« U ATTA4JCtACTJUU^A Cltl mClI JUUOCCJU U UltCl. IC1 Cl *'f *nnatATC*AJ U lC 
T»m* aaTJ OC M T Aiiwwii cc* eanxcwu'if 4 XT epaCTCCTtW T <uuu4 n^ a j u4 m TArT iccnc i*n*im*cc4 
TTOCI ITT A. I TT AI 1J. I l AAATTA * ' ; 1 Cl lXluriC AC t * Cn C A TCJlTTCT C ATT C 4 C A* C * rCACCCATA CT A <a U H CS l*d*CTATOCATA*TTTA 

CACiTTACTCl 


ATTCA T Tc mfn iuci r uxi 'n ccc juoitoe r j tf T TO LW Ai i ii ac cc a ccti c6a uuTC4c cncccc: * c cA7rniJ tfg * cnciixc rcrA 
tc ccc ou m: ic i c6 AA*icc ncc i<kTCJuwccAcerc*AAg r ri* ccc cAT* i.i n 11 c acc c men c aaaaaaa l i c r i i at*toc*cc*tcct*cc 

CCC CC I CC CtfCT C CT CC CAC SC T C AC*ATiU^ACC rXCI^llCC I*CCAeCACCCACICTCT Ce A CC A C * C TCTC C *XfcAA C TCACTCCCCtCA* C 4* C 4 

CAT** U-.C T CO JL C r HCi:Hl ATTT Cr **i4 T AC CCCC A C TiUl*TCACCCOHT*CC*TCT , CCCTACCMC C *,4JI C*.UUCl..lL.I U CCCSCTCJUA 


: , neiuutf , uTitec * f 4 Ci.K ij u' 4 c * rr * r *4Tau ic x c T Civr * rr iT C A Cc»U TTCArc tf r iiu ccrTTOLTT*ccT C c» cr juTcrc c *<c e 

cccctacctaat c aaac cc * tfc rmc c ccAA Cc recTC*cT at*cpcattc* mx x i ,i ii eancc cac a <cc »c c » cCtf* T * c e ** CMC* cc 

TCCCTC*CTCCACTCCaCCCTACACCCCCCC *JLCd lHt4jL ACA imC AACCTCCCTCATTCT*C*CTCCAC m TIC*CCCA l dPC C ATCATCCOC 

T7C*C *COCCTCCXTAC*CCATC7CCATCC a » ' i ICC J H ATCCAfcATTCCTT ATCAAATTCACATCCTACTCTAATCT ATTCCT AATTT C C C AAC AT AT A 

*T <cc a o cjui c ca4pATcanTci ff**affcc i M TCcecrc ^ff j < rcTtA Cg c c>ricaniiiu:iti u4c a*iuiiiu:i *a 

crrrTc*cr*ccc*cocncccc7CTc*ccciAwmcAAAACTcerr4AreccTCcccAt C iu^*AA**cTTccAAT»cwcACAAT* cTcccc ^A 
*•*•••*•• • 
*nC>CCCCCCCTTceCAtCTCCTAOlCCCCC***T**4 Cr jk CC AiUTT*CT*CAAA**T*AAAACT*CCTCAC*TACrT*CCTCA CC TC7I CC CC*CTC 


Fig. 2-5 


16.500 
16,600 

16.700 
16,800 

16.900 
17,000 

17.100 
17 J 200 

17.300 

17.400 

17.500 

17.600 

17.700 

17.800 

17.900 
18,000 

18.100 
18.200 

18.300 

18.400 

1&500 

18.600 

18.700 

18.800 

18.900 
19.000 

19.100 
19.200 

19.300 

19.400 

19.500 
19,600 

19.700 
19.800 

19.900 
20.000 

20.100 
20200 

20.300 

20.400 

20.500 


35 















T*CTTCAC«CCCIC<CT»C*ClU.lillCCLllUCCiCf|C*ATCT*CCrnOC*T*CC*CTTTCACCTATTT*CfcCCCTC7*CTA*CCCAT4CC*JLAT 
CATCTCCACCT CT A rtCCCC TI C A . 11 ICC iC OCCAATA U- I T 1U. UU| CCCCCATTTTTCaCTTAAATCACACTCCCCTCATTCCATPCCTCATCAXTA 23,600 
atajlatt a ct * i^ AAA flC TOCATTACTCAiCDc*CTCCAA i u» " i i ce A g CAC c rcr act v cc c&m i lui^ ATcncrACAcm runTi Cman 23^700 

AtC L f C I C 1 ; It. I tT TACTTiyirTAAAACTCATlAATTCTTCAlTTTCTCATCACTCArC C CA C CATATATCCSCTTCTAATTCATTTTrATTCTCTAAAT „ QOA 
• . • * * • fcOjOUU 



ocictc*ccAtcma:ccre*>ccTececcffiCTicacTccAeATCi*tiTcoccACCirciceTxurccAccc*CAC*t*CA*<xCAAAC*ccecic 2 4.400 




24,595 


Fig. 2-6 
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Bam HI 



Fig. 6 


convert Sma I to Bgi B 
with linkers. 



(fragments) 
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Bam HI 



Fig. 6a 


convert Sma I to 
Bgl II with linkers 
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03390) 


p102 

amp *^ 


1 

cleave with Bg! II 
and Hind III 

Bgiik 

7 s 


,n t as IB 

(fragment 1) 
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RoTFKD) 


Stu I 


ags/mas 


^(21673) 


(24337) 


EcoR I” i (21631) p501 


(24690) 


(pBR322) 


cleave with Stu I 
and Kpn I 


convert blunt ended 
Stu I site to Bam HI 
with linkers 


cleave with Kpn I 
and Bam H I 


Bam H I 


l\\W\\V IWVWWI 

llAWWWl \\\\\\\ I 


ags/mas RoTFKD) 


(fragrant 4) 

Fig. 10 
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(fragment 6) 


ags/mas 
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Bg 


—i— 

« RoTL(B) 

(fragment 9) 


Fig. 13 


Bel I 
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Bglll 




/ t ■ </m f//////. I /////////y 

'////. V/////J ■ ////////// 


RoTL(B) 


ags/mas 


RoTR(D) 


(fragment 10) 


remove Kpn I 3' - overhang, 
add Hind III linkers, 
cleave with Hind III 
and Bel I 


Bgl II 



RoTL(B) 


Eco R 


Hind III 



ags/mas 
(fragment 11) 


RoTR(D) 


Fig. 14 
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(fragment 6) Bgl II 


Fig. 16 
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(fragment 1) (fragment 4) 

A-ocs-B-B-ocs-D 

Fig. 17 
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